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®l/45l 



10 2, 1 £#3fcb)t, ^l#»^-ft4- 

3$-^-^ -ftil(EUDCH)^^i5T R4£#J(MACyff . 

5, dMM'J*jM M^W£/fl/t8:4Hfc#JU&- 



200410095124. 9 



U m 5 * V ®2/45l 



7, *»*l#'J*jjt6^^**. £+> ^TillMi^WW^ 
J. i>' — * JMMB £ £ >Hfc& FA?'] # !A?>J #iR# , ^JSL-fML^ 

5 $ -Hfc&FA?'] £ t jf.^-'MfcAPAyj lM#*#«Mt, 

£ * #fi£ PA?>] #iRff lfclt^4L W £ !>" ->Hfc£ FA?>J t *fc# X. 

13, dtaMyMU2 #t#&&#&#*Mt&k&: 
30 fyU^i^^&PA?']!!^ £ 
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ft m 3? * ^ ®3/45l 



£ & #T & PA ?<] t^ft^M J- — FA?'J t ^ft^tt * 

-to 

10 16, , imftriZ. 

20 ^^^J.^-^ili^^^^FA^^PA?'J#i^, M7k&*&fo&fl\ilL 
18, :M**|*£l7tfi£ti#.X, *ttf*iH/tffA&te: 

-f^/rii^ >H£Ae^J t th&'y-WLklkf*] # PA?0 * t 

25 ^^fiiPA?1#iP^^^^J.!>'-^^PA^^#i^; #p 

^/WA^i^^ 

t. 

30 20, 17 tfifcWItX, ifl/tfetm, Jflf^ftflfiO] 
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U m 5 * ®4/45l 



J?) f^i4M«^>L^^^^»l^ -f Ji^ffW 

»; 

23, mj^22TOf ,&B**, *ttfW*A#tf*fete: 

* #ri£FA?'J f*#^4L^ J. !>* — >Mfc& PA^iJ ^ ; jf* 

20 4##i£lMd#iR#i|fe4m*tt J.!>*— >HfcA,FA*'J + 

24, 21 #i£tt?ABfcX, #ttf&**^;M|-F*$i# 
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mi/1551 



5 
10 

#^t^^il(^.Tilt. #^ EUDCH A* E-DCH), «fti#fe*Jifi- 
**W«ikW&*tfMi$-. EUDCH 4.-#*3t*/B-f jSt-l-^W^Ahii 
^*tt,^Ji#«*iifft^fe#*'li(ll«flrii. EUDCH 
15 6 & £ % il T # «t J«.^&« X(HSDPA) t fll #J I) id »fb ft *3> 
(AMC)2T&ifp>&^ % ^$Jltfr^(HARQ)^^-^, ffl f-^-^^^BtW 

20 ^^ra i&±-ftm&it^&^k%^n^m%^$)^ 
* OT =^ 0) 
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■f £«Uf*fc*&.+ EUDCH 

$ lB^tbij^B^ftfltJi-fHi^^t^J*^^. 1A 

#• IB B frM±ffl&&#iLlt*&Att'b&WTVU.&T 

X + ICI), «f-JL^ EUDCH 3*aJMHfl£*»ltflFtt. 
5 S lA^tbS^^^ABi«4LSt^^ROT^£^. fc-ftf EUDCH #t 

4&4Ha jk£*4MH"J£ > #r ^ £ 1- UE ft at S 0+ , 

S lBTFit!^^ T^B^ABt^^ROTfrd^, ^&$Mt£^UE ft 
flti* $*t#ii*£i£#iMfc#. *.4t4.iit> A B «Aft4f*|-#Jt UE to* 
10 ^-Jt-te. UE ;MK&i£«-fm, tt.iSj#jt& ROT *i±B# 

ROT. Bft, ^ l *,Bi«A^3tT«*##»^*'lfc'l41fe. 

T$\& B UE EUDCH Wii.i£4fcffl EUDCH UE 

#JL, ^Bill^ EUDCH **Kt+. # 7 &4-&fr&ft&m 

15 -lijfe, ^ * B fflJtfrm&teik^ UE, B ROT *fci±S # 

ROT. *jdk 1>£B^vy>&&&&%¥&Btf&M.jLrtWfrmimmm 
*»<Mt£*i£1*.& B ##j:_h# UE 

0 2 EUDCH t^TA B il3Att+fr^tf&*MSt&tf&S. £ 

®2t> B 200 jt# EUDCH, ^JLW® 210, 212. 214 ^216 ^ 
20 4*Li3i EUDCH ¥] UE. i £^ UE . B 200 UE 

EJitb, UEttROT£#&ROTtt*/*|^. ^jMBiL, 
UE «4fc»it+PHlS&»t.4^.«. B 200 t^**e UE 
1ft. UE # ROT ROT 4$*-«P^. #j&*!|<Mt#iM L *'& 

UE210, 212, 214fr216*jfcttfc&4M4L|S]tt£jfc. ^AB200#^TT$" 
25 ,^,Blf EUDCH ^Mt#^>£. 

£B2+, M^tf * B 200** UE210> 212, 214 216 £>1 , 
UE210, 212, 214^216«40fc^R^Ji^HlJ^^+^^Halfc*. £ 
Sl^AB 200 fci&ftiJitt UE 210 JiW^til^^^^.4t^^ 220 

mifaJSL, ^**i£"^^B200^XJiWUE214^Ji^f4MS.^il 
30 tfifcfa£M#^ 224 #7 ROT, MMT&'S 
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i-ff4UM*St^*.S4(L4t*#-^ UE210, frfrfote*t$L$tfi$L%nt$-&-8r% 

m 3 AS EUDCH ft UE 302 UE 302 ttf f A B30 1 4LI«] 

£#« 303, £f ( & B 301 frUE 302 4Lfl£A EUDCH 
*fc^&**^#*-f»it«.at«A^^*. EUDCH ^Ht, 

304, UE 302 6 B 301 H.*PT*Afc&. mfcft &^ M 

ii4t&j&«^tfiJE&^ 
io ue 

£^#311, ?AB301Jfc*UE302*mfc'fr4fc, #iflAUE302. 
311 B 301 ^^.yLi^'J UE302 305, 
B 301 ifci&fc^^«l^*#it#^i&Bt«Wl)l^«&flrAifr UE 
302. & fB. 312, UE 302 *.-f iUA^H^ A*^it^(TF), *»/f)-f 
15 EUDCH &i£tf|4fc&ii*, #JLii#4^TF^#iil^f^#^^(TFRI)„ 
£#*307, UE 302 #J&-f TFRI&i*. EUDCH *t&. jfc>h, £#i&306, # 
#;M* EUDCH TF TFRI, J? EUDCH &#-fc#Lfci& 

*^*B301. £##313, T*,& B 301 TFRI ^ EUDCH 4fc#t 

#£<fiB*. i££ TFRI ^ EUDCH »ttf| J.^-^ t#££B* 

20 Bt, £#3fc308, IT ^ B 301 ACK-ACK -ft NACK UE 302 . 

TFRI ^ EUDCH » t *#£W4£i&Bt, £ #3^308, 
B 301 ACK/NACK ACK f& UE 302. 

T*,& B 301 A-f iHAtf UE 6^#iMk £jfc*t, ^£ 

B30H&U EUDCH ^^#4t#it*friiLi&W"l#$^UE. £iM 
25 4Lt. ?A B 301 ^fcMiMM^ UE, «»itJi^Ht*WROT'ttL*itB# 
ROTte. £j&*t, f A B 301 ^Se-Tf^f-^^^-^^fit^^^ UE, « 

ffi 4 A# tfa M. UE &i!t^f b ^ t ±4f^^l&*#Jt£tt*t#£2! 

30 d^ffl 4 flpF, UE400 EUDCH ^iEltH. 

*»SlMtfr£tt*UMF**f AB402. *»Ji#i£, ^UE4JL&tt*ti&#jR*fc*& 
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#M£^*l36^^f £(QoS) 0 ®jtb, 

B 402 UE 

5 Jl^g. 

fe-frtfyfcii^j #PA?>j#is#, fr&ir£.ffi&ftri£tf J jfc?A?>) t ^ 
20 MM ^ M <tfj ^ *t*WHf 4 . 
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20 

25 S IB A^thiB^^.*. B*#JiHABtW» B jLfH&M^fcfr 

$ 2 £M#l#J^f M&^iL#^ UE B 

S 3 UE ^£ B 4Lf>l^*ff A^ftlWf Ji^«J»^iSa#lfr^ 

30 fl 4 A* tfc ^ ue MUfrlU B ¥] , M f £4f**dWa*t* Jk*ti#t# 
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a 5 A^tfc&E^&^#-^fti&£;&#']<Kj UE tfi£#,£&#J^«; 
ffl 6 4.ffl<f4*W*iL«-^***a* UE B 4lWifcai/#i|fciflA^ 

S 7 4.ffllf*«l^iLi«^^ -^**-«* UE frf A B 4^£jaL/#J&iH 
5 ^@Mt&^J<L@; 

B 9 Affl^**^L^*ii*ifc^W UE t4Mftt## 
OT; 

io **#4t*M. ue wii#**.at»-^ b wa^A; 

^EUDCH^^^J®; 

15 

20 

25 **(£T*.+ , UMTS), *-=.ft^#* n (3GPP)## 

*»/M3 it(TDMA)tt GSM %Mtb, iiffl*Hft;U* fcik£(GPRS)>M 

tf CDMAt^. UMTTSttJi*««,*AW«<4Ti:t. UTRAN)& 
B, £t#r&f A B k&J^'M^f A B 
30 *W«Mi*JH(4T3Lt. *M>RNC). 

& UE RNC ^f«&n&#4t Uu #P , f-i*4S*J^flr 



n 
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TXt, PHY)£„ j&*K ^/'^^^^1«^*J^(PDCP)^ > 
RLC MAC JrTfp PHY ^jtb*h, PHY JU&-f-$>H^ E t , # J-£ MAC 
5 ^ RRC #j Jr'fif- RNC t . 

£ MAC A + + MAC-d, 4#*'J-f 

i&#i*tf*F4N*## MAC-c. iii± MAC-d #£*t$##^it£&# 
fl/*#tt±jM^#jL^##*4fc. EUDCH#iH^«Etf, 
-tt-**fti±^E. MAC J: + # MAC-eu -ip^\ MAC-d *fc*IJ>J 

1 0 PHY &*Jt\ , MAC-eu Axfr - J- EUDCH ftAfft *J A » HARQ f- . 

05 5 &&&&&& ft— EUDCH # UE ft 

MAC-eu Jr^^^i^LSo 

UE (H> MAC-eu £ 500 &te#,4PA?>]^giLf§ 502 ^&PA?'J(PQ)504, # 
3.mt^JA MAC-d £ 518 &i£^,& B ftftft. «r*i|fc^4t4HU.^ 
15 MAC-eu A 500 tff#,&FA?i]^ge,S| 502, flL&PA^SLg 502 4Mfc&PA*<] 504 

#,&PA*'] 504 ^^#^w#^#^Jk^^^it^l«t. #JL^ 
*J*^TH^T*0^J#iR4f(^Ti:+. QID)„ *>MfcAFAyiJ 

20 504 5 £'y-^±M Xftftk&ti&te. BS 5 *ib-=.>M«. 
&PA?iJ 504, te&ft&FAfl 504 «^*tB A*iS**^iIi^*4!^it*, 
tt*Ut* MAC 516^1^. 4L$L&il, Mf-#&ifc*ll*,fcBtf 

&$ktiVL&&.$Lfr%£^M, flWfcFA*] 504 *^*H*t*»- #&*14.#J»# 
totiftM*** tSt#l&&yA%L¥i, ft 

25 B. -ktt&ft, ^^^i4^l^^^(rapidtimeperiod)f*)#ii^ti> B 

VLkrmfrsin 502 m^m^^mt^w^, ^^m^m^ 

504#m#«»o 
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# T^,*> B >H8&4H<L, MAC-eu Jr 500 Mdj EUDCH fo&ti 

XH$k&5\0 %.i£WJ&t&, W&fflJk.lt&&te&^&te&Vt&M 504 t 

& & EUDCH ^EJ^ifrfj T 4f4W> 514 &iiM$,£^@Mt UE , 
5 ^(^LTXt, #^ TFC)i44MP^ 508 #4*-fifl>l^SE.'fr,&^^TFC, #4* 
-f #T-$ TFC /Att&PA?'] 504 #JpUfc4t , # JL& & EUDCH 512 &i£#H£ 
MW^ik^,UE-r^^#^^PA?'J 504 tMlitttttft. 

ISJBt, HARQ 506 JMfr&l^iLaUU&tf. »fc*l&T4Hfc* 514 
10 ACK-ACK, ^#«J ACK Bt, &##4frMa£4t*FAyi] t 

flji#«jNACKBt, «^#*jN^«*,^»Jt^lfc#. 

£S 6 t. UE610 &fe->Mfc£BA>*'J 612 ^ 614, ^JLUE620 fe#->h 
15 faftJKn 622. UE 610 #-{fc;&PA?i] 612 tb>f£& PA*'] 614 i.«tt#Jk«L 
flj UE 620 *$#.&PA*'J 622 UE 610 ttflWbP^J 612 UE 

610 <ft#APA?<] 612 100 UE 610 tfft£PA?'J 614 44*300 

tMfrtf *fc#, fa UE 620 ^tt&PA^J 622 300 f B 600 

A^^mt^yL 450 &#tf*fc4fctfiU*'fe,f-S&. 
20 M@6, UE 610 620 &iUl*W*aUfe-t£ B 600 ft 4k&± 

*#&#& 630*»632. UE 610 2Li&$Mt 400 &#*m4&# 

&4# 4 630 *t A B 600, fa UE 620 300 te#^#l£#^t & 

632 *§-t£ B 600. ^jtbAt, ^ UE 610 ^ 620 itf _Uf£»f# i£^&$UM=B ^ 
Bt, t,^B600ig.i4i«A^«E,#A640»-UE610, 640 >L 

25 if 200 642 & UE 620, fl^A^Se, 

-ft& 620 knfrfr&L 150 Hs#4fc#i3t. 

UE 610 flte*-fiH>fca*flrA 640 ^£ TFC, flU&-f TFC 
EUDCH -fctt^ilL, *JR^A«L, £tf.&PA?>J 612 t*t-f4M3ti 

ioo *#w*t#"fr**«.at, &Js&qi$jm 614 t*t-HMJ# ioo 

30 UE 620 n!L#JI*till>*.4&*tf A 642 TFC, £tt 

TFC EUDCH £#JtPA^J 622 t*t-NMl# 150 
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£jtb*t, Jt$ UE 620 ##,&PA?i] 612 UE 610 tf#,£PA?'J 614 H 

— If A B 600 if^-pJL^Be.'ft-.fc^ UE Bt, *h-f-4h«4fe^4L+ ^4t*&«: 

ffl 7 4.fflW-flf**« 6 + WH««*iiLW-->Hfcit**^40*ffl. 
£@ 7 t > UE 710 720 ft J. 1*1 # 2L&% JUUfciSLmt .% 

10 B 700. 

UE 710 fete— >Mt;&PA?<] 712 fa 714, ft UE 720 fete— >Nt 
&PA?<J 722. UE 710 #,&PA*J 712 *#*b'ft&FAfl 714 ZfttiVLfaiBL, ft 
UE 720 tt4fc&FA*] 722 UE 710 ##&PA*"J 712 # |§] UE 710 

ttitPA*'] 712 100 tb#^M, UE 710 tt#.&PA*J 714 ^ 300 tb# 
15 W4ffc*, UE 720 -ft&PA*] 722 4# 300 >b#<ft»„ 

UE 710 fa 720 4fciilfcte#*4tii^A#*^^Att.^^.fc^aL^» 
730 fa 732 B 700. -fc*t4.iJt, UE 710 fetexfr^ f" 400 

*fc#*#*;Mifl.&«.tf QID 730 *^P,£ B 700. 4L 

8t-£H#&te& 730;M^$-f#Jfc& 1 100 Hs#, ^ 

20 *h&-f 2 ^4ffc#t4. 300 *b#. jtf^K UE 720 &illkte*)72-f 300 J=b 

#^*t**^4L^A*RWQID^«#»*t*'frA 732Jfe-^ < *B 700. £jtb 

At, £ ue 710 720 JL4NMM*it#&4fcibte ra , f A b 700 *M*#,& 
740 ^ 742 ^ UE 710 720. f ,& B 700 & 

740 & UE 710 ^£i£-$A.^ge/ft& 742 & UE 720, * t #T 
25 &$|&^®Mt& 740 100 A 742 it 

250 

UE710 #4*f" flA^Bt-ft 4 740 ^£ TFC, flM*-f#*jfc# TFC 
EUDCH ^.i^Ufc-t^,, /fctt&FAf'J 712 t*t-f4MJ# 100 

***J»«A«iLal. UE720^^-f^A^S^4 742^^.TFC ! flM*-f 
30 flMUfetf TFC EUDCH AiiL*t#. 4***.-%, £ft,&FA?i] 722 t*t-f4h 
$ 250 Ms#^*t**4fcii. JjAitfMrjfr, UE 710 ^ 720 T^IT 
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9 8 'Nfcit&ifc'Wtt UE <tf MAC-eu i«A-fe*JIS- 

THA^MMg 800 31 804^^,FA^(PQ)#^jH 802 

5 TFC 806. #;&PA*«J#*|» 802 ^Mfc&PA*] t*»IU*#iMr*bft# 

-ft& 810 #p 812, #J41#JWir*t*(.#fr,& 810 812 ;|L*£-fc>N«.:fclM 

810 41**. fi^A^'J 1 tf#*t*WH*A. ^M^-H^^^t 
4 812 I] ft&PA^J n #**WNT&. jM\ #,AlM&*J* 802 >A 

10 «&i44*l* 804 -&^PA?'Hf-& 814. £jfc*t, FA?'J-ff,& 814 Afli&PA^SL 
If,!, #J.*44tit^J^-iH»*^T|-j(*»|fc9^-^. 

'ffc&FAfl^Jg- 802 EUDCH &i£-2p£- 828 it* 
**t«.#-ff A 810 812 tttfJMMT^tt QID tf^-H^tA 826 
B. 

15 TFC 806 -f EUDCH £fl £*^it(E-SCCH)&^&^ 

SMf4820,M.^FA^J^*'J^802^W^^PA?'J^^||^^t4816 > 

*>MJfcX44*J» 804 «*ti«A».X#4t. flAfcXtf&feteft&^Jtftt*. 

fc» ^^^^^(transport format combination set)^. TFCi&#fl806 
##f 816 ^m^B^t & 820 TFC. TFC 

20 ##£tt;fcFA?.]ttf. &t&fck J 2Ltf%Lte$Lt&&&* 

TFC 806 TFC ^ EUDCH 824 ^j^^l 

#-fti£(£TX+, *fc#E-DPDCH). E-DPDCH 824 
# TFC EUDCH 4H&#U&. £*b*t, #f TFC %fc#i*UMJ -f EUDCH 

ifcai-*P^822 ^^*ba**Hfat(4TA.'f ? , e-dpcch). e-dpcch 

25 4tii-«P^ 822 #j Bt « A JiJ? EUDCH TFC tf£ 

#Ht&. jM*. TFC*ftiPIA-»A 818#aUMtA^J**l* 802. «,PA 
■&*] H 802 -f TFC 3£*»#<ffc£lM"J , £ ^&ff\i&%fc PA?'J t , ^Mf 
TFC *.iH^e,^*t^^l^^4Lt- #JL«ptt&IW'Jtf *45-**4i. 
S 9 Affllf*/!R*j!e.W-^*it^**I^ MAC-eu iflA^*JH^##^ 
30 SlMEffl. 
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ft±faVL$L!0L. §&fc&M±e,&mw&teH, mffm 902. ^jMh 

5 £#3* 902, illA**!*^^^****^^^*^*^^ 

&, QID 
B . 

904, B &»|*L5iJiH>fc^SMf iJ^L 

906, wjkmm&iEiwJLft^MftMmfk&%ft®&-^ 

TFC. *^TFC«i±«t, ^#£iMfcfcE^'m4Mfrtf«&«., 

wnimM%fc&^&mw%Lt&#i&. &$m. 908, ^t^jim 

15 to^?f[%^7?cm\m&tt&m#&&fc&m. MAC-eu £iii±i$£ 
4fc*l»^**J^/i— ^fe-^AMajSft&E^'J +#N#M*##tt MAC-eu 
1«lfc#-¥->L(PDU), #JL&* E-DPDCH^iii^/i^ MAC-eu PDU= jtb^h , 
>«#HMfl&& E-DPCCH TFC, #J.*.*Mr££'fctf4k£& 

20 S 10 ASIf&E^^-^&g^J^ UE B 

MAC-eu ftBI . *tffl 10 AM*, UE tf] MAC-eu >g- 1000 £i&8U|-J&#& 

* * B « MAC-eu A 1002. fete*»_t/3fi£tt QID ifb 

25 MAC-eu PDU*£#I0. *»E 11 tffijT, MAC-eu PDU ^k£-£A*-«p 
^+6^ MAC-eu 1100 *£*&*£#3MWHp^# MAC-eu IRJMt 
4fc-£iL 1102(SDU). MAC-eu 1100 t #4*>T: 

MAC-eu PDU ^^XM^W*L4M**(VF). 
iR*J%A MAC-eu SDU ##,&PA?>J # QID, & 3 ^Hb##)j&. 
30 /fl-f &Ktt£ft«r#*] MAC-eu SDU #£i&4?'J-?-(TSN), * 5 S. 6 



16 



200410095124. 9 



% m 1? SU2/155T 



Jk-fc MAC-d SDU ^j^^-^I SIDK, MAC-eu PDU fit MAC-d 

SDU <ft&^£ t #3* x MAC-eu SDU $k&, i)2£3 >Hb##f#. 

^TF^-f MAC-eu SDU MAC-d PDU it B ^ N_k, * 7 >Hb##J 

5 #&(F), ^#*(F)4titX* 1 Bt. T-^&Ji MAC-eu PDU. £ F(# 

&^5vfc&&tttt&FA*M#iR#tt QID &&(QID map), #iUb#« 

10 !14MA*#4L^#*'etAFA^ + ^*:#^X.-t, £t QID *M*# 

tfAl, #JL&jRQID^tf^^fc*bMt. 

S 12 ^4*J»*A««--^4tit***l^^^ B MAC-eu 

■Mf ffl 12, i^jLH 1200 UE*t&^#f» 1202 1204. 
15 UE^^^/rH 1202^i)tftJt^^A.^^*^ABf a#*K&ffl 
t*$ UE(UE#_1 J. UE#_N)^-ftii^^t4 1210, 1212 #» 1214. UE fc&fr 
1202 &^^#>h UE MAC-eu PDU # MAC-eu + 

%&mmtm%^&it,%, ue 

20 1204. 

W^J|| 1204^^#^UE+^*:^±^#it^, fr)k 
RNC B M®mHQ*BAP)$.te¥) £) # ROT, *.it#^K,i&#£. UE 

(tfROT, ^JL^UE^itFA^^^SL, UE ft 

25 tt#*HNM*TFC#*;t. ^•aJfrUEW|t*.>t^*t*it+*fc^4*.*X 
if- TFC -ft 4 1220 ^ 1222 + , & E-SCCH 1224 1226 

UE. 

S 13 4.*lb*«*A«W- > Htit**'«^^,«. B MAC-eu 
30 13, £## 1300, i(AM«L*ei«L^UE*JW:J'Jfe,^>t'ft 

AW MAC-eu pdu. iHAtfAfete** ue tt*#M**WHr&*»#£* 
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3M& 1302. J%&ftj6L, 2&%t$&&MWtet&H, 1300. 

1302, m^t^UE#i|4:^^ll^^t ( &^it^^4, 
UE #L#ifc*. RNC @ # ROT 

5 UE £iittf*t&tf *Jt*t*.A,iHfc#i*.*. jtb^h, 1304, 

^« 14, ^^^^t-?"^itit^t(RF)^7Ll442, 
10 -ft-?-, &^*fr>^##,& 1400. ^Hl400iti±4t^S dl , n ^^t-f^o 

«f4t^flr-9-4WLi«J^lf4r* 1402. # 7 ^m^ii^^f^Ht^, 
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(54) Method and system for data transmission scheduling using neighboring base station load 
information 



(57) A telecommunications system having a first 
base station thai utilizes neighboring base slaLion load 
information to adaptively scheduletransmissionsto mo- 
bile devices within the first base station's coverage area. 
Before transmitting information to a mobile device, the 
first base station determines whether neighboring base 
stations causing the most interference to the mobile de- 
vice have a load below a loading threshold (i.e., if the 
neighboring base stations are "lightly loaded"). If the first 
base station determines that the neighboring base sta- 
tions are lightly loaded, then the neighboring base sta- 



tions are providing I ill le lo no interference to the mobile 
device at which point, the first base station should trans- 
mitto the mobile device with high priority. If thefirst base 
station determines that the neighboring base stations 
are not lightly loaded, then the neighboring base sta- 
tions are providing sufficient interference to the mobile 
device that transmissions to the mobile device should 
be given low priority. Thus, the first base station sched- 
ules transmissions at times when the transmissions can 
be made at high data rates, which increases the data 
rates of the mobile devices and the overall throughput 
of the system. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

[0001] The present invention relates generally to the 
field of telecommunications and, more particularly, to 
adaptive data scheduling using neighboring base sta- 
tion load information in a wireless telecommunications 
system. 

2. Description of the Related Art 

[0002] Fig. 1 illustrates a portion of the components 
of an exemplary multiple access communications sys- 
tem 10. The system 10 includes a plurality of cells 1 , 2, 

3. 4, 5, 6, 7 (collectively referred to herein as "cells"). 
The cells represent a portion of the geographic cover- 
age area served by the system 10. In Fig. 1 each cell is 
schematically represented by a hexagon; in practice, 
however, each cell usually has an irregular shape that 
depends on the topology of the terrain serviced by the 
system 1 0. Within each cell 1 , 2, 3, 4, 5, 6, 7 is a base 
station 22A, 22B, 22C, 22D, 22E, 22F, 22G (collectively 
referred to herein as "base stations 22"), respectively, 
which is typically connected to a public switched tele- 
phone network ("PSTN") through a mobile switching 
center ("MSC") (the PSTN and MSC are not shown for 
convenience purposes). Each cell 1. 2, 3, 4, 5, 6, 7 is 
illustrated as having three sectors 1 a , 1 b , 1°, through 7 a , 
7 b , 7 C , respectively, which are typical in a communica- 
tions system implementing a frequency reuse pattern. 
That is, the exemplary system 10 has a 1/3 frequency 
reuse pattern (i.e., as known in the art, the system 10 
can allocate a particular frequency every three cells). 
[0003] In operation, the base stations 22 establish 
wireless communications links with wireless or mobile 
devices e.g., mobile device M, within the cells 20 wish- 
ing to transmit and receive digital data. The wireless link 
between a mobile device and a base station comprises 
an uplinkfortransmitting information from the mobile de- 
vice, to the base station, and a downlink for transmitting 
information received by the base station to the mobile 
device. Sometimes the downlink is referred to as a for- 
ward link. 

[0004] Multiple access techniques regulatecommuni- 
cations for the various mobile devices within a cell given 
a limited available bandwidth. An exemplary multiple ac- 
cess technique includes TDMA ("time-division multiple 
access"). In a TDMA system, frequency channels are 
divided into a plurality of time slots. Some slots are used 
for control purposes and others are used for information 
transfer. Typically, multiple users are given respective 
slots in a frequency channel so that a single frequency 
channel can accommodate multiple users. 
[0005] A number of third generation systems are 
evolving from the current wireless communications 



2 

technology such as TDMA IS-136 and GSM ("Global 
System for Communication") systems. These third gen- 
eration systems will transmit voice information and non- 
voice data to the mobile devices of their users. Exam- 
s pies of these third generation TDMA systems include 
general packet radio service ("GPRS") and enhanced 
GPRS ("EGPRS"). A goal of these third generation sys- 
tems is to enable mobile devices to transmit information 
to and receive information from the Internet. Thus, serv- 
10 ices currently available over the Internet, such as FTP 
("file transfer protocol"), web browsing, chat, electronic 
mail ("e-mail"), telnet, etc., will be available to the mobile 
devices that are part of a third generation TDMA system . 
[0006] In second generation TDMA systems the base 
15 station transmit power is usually fixed. Thus, in order for 
the carrier signal to interference ratio ("C/l") of a down- 
link transmission to meet a minimum required threshold 
in most of the area of the cell, the power allocated per 
mobile must be high. With a high power allocation, the 
20 c/l of downlink transmissions should exceed the mini- 
mum threshold in most of the cell. 
[0007] Some of the third generation TDMA systems 
are going to have a very high frequency reuse, such as 
"compact EDGE ("enhanced data rates for GSM evolu- 
25 tion")," which will have a 1/3 frequency reuse pattern 
(see FIG. 1), and EGPRS, which will have a 4/12 fre- 
quency reuse pattern. Given the high frequency reuse, 
the transmission data rates of these systems will be lim- 
ited by interference, especially when the power allocat- 
30 ed per mobile is fixed and therefore, high. This interfer- 
ence from other sectors can result in low data rates for 
users and an overall low system throughput. 
[0008] Thus, there is a desire and need to substan- 
tially increase the data rates of individual users of athird 
35 generation communications system. There is also a de- 
sire and need to increase the overall throughput of the 
third generation communications system. 

SUMMARY OF THE INVENTION 

40 

[0009] The present invention provides a mechanism 
for substantially increasing the data rates of the users 
in a third generation communications system. 
[0010] The present invention also provides a mecha- 
45 nism for increasing the throughput of a third generation 
communications system. 

[0011] The above and other features and advantages 
of the invention are achieved by a telecommunications 
system having a first base station that utilizes neighbor- 
so ing base station load information to adaptively schedule 
transmissions to mobile devices within the base sta- 
tion's coverage area. Before transmitting information to 
a mobile device, the first base station determines wheth- 
er neighboring base stations causing the most interfer- 
es ence to the mobile device have a load below a loading 
threshold (i.e., if the neighboring base stations are "light- 
ly loaded"). If the first base station determines that the 
neighboring base stations are lightly loaded, then the 
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neighboring base stations are providing little to no inter- 
ference to the mobile device at which point, the first base 
station should transmit to the mobile device with high 
priority, since in this case a higher data rate can be used. 
If the first base station determines that the neighboring 
base stations are not lightly loaded, then the neighbor- 
ing base stations are causing sufficient interference to 
the mobile device that immediate transmissions to the 
mobile device should be given low priority, since the da- 
ta would be small. Thus, the first base station schedules 
transmissions at times when the transmissions can be 
made at high data rates, which increases the data rates 
to the mobile devices and the overall throughput of the 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing and other advantages and fea- 
tures of the invention will become more apparent from 
the detailed description of the preferred embodiments 
of the invention given below with reference to the ac- 
companying drawings in which: 

Fig. 1 illustrates a portion of a wireless communica- 
tions system; 

Fig. 2 illustrates an exemplary base station con- 
structed in accordance with an exemplary embodi- 
ment of the present invention; 
Fig. 3 illustrates in flowchart form exemplary call 
processing method performed by the base station 
of Fig. 2; and 

Fig. 4 illustrates in flowchart form another exempla- 
ry call processing method performed by the base 
station of Fig. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention is suitable for use in a 
wireless telecommunications system, such as a third 
generation TDMA system. As noted above, an example 
of a third generation TDMA system includes a GPRS 
system and thus, the present invention is suitable for 
use in GPRS. It should be appreciated, however, that 
the present invention is suitable for any type of telecom- 
munications system (e.g., code-division multiple access 
(CDMA), GSM, etc.), and particularly those systems in 
which wireless or mobile devices experience interfer- 
ence from base stations outside of the cell in which the 
wireless or mobile device is located. The base stations 
located outside of the mobile device's cell are referred 
to herein as "neighboring base stations." The phrase 
"mobile device" is used herein to refer to any wireless 
communications device orterminal that may be serviced 
by a base station. 

[0014] The phrases "interfering neighboring base sta- 
tion" or "interfering neighboring base stations" are used 
herein to describe neighboring base stations that pro- 



vide the most interference (with respect to the interfer- 
ence from other neighboring base stations) to a partic- 
ular mobile device. The phrase "lightly loaded" is used 
herein to describe the situation where an interfering 

s neighboring base station has a load less than a loading 
threshold and thus, is not providing much interference 
to the mobile device. It should be apparent that if a cell 
is divided into sectors or if frequency reuse patterns are 
being utilized by the system , then the same base station 

10 will transmit to all sectors in a cell. Thus, it is possible 
forthesame base station to be lightly loaded in one sec- 
tor, yet substantially loaded in another sector. Moreover, 
the same base station may be interfering with a mobile 
device in one sector, but not in another. The phrase "in- 

15 terfering sector" is used herein to designate a sector in 
which the mobile device receives substantial interfer- 
ence from an interfering neighboring base station or oth- 
er sector of the same cell. The phrase "servicing base 
station" is used herein to refer to the base station pro- 

20 viding service to the mobile device (i.e., the base station 
providing service within the cell that the mobile device 
is located within). 

[001 5] As will become apparent from the following de- 
tailed description, when a servicing base station of the 

25 present invention is incorporated into a wireless tele- 
communications system using fixed transmit power to 
each mobile (hereinafter referred to as "fixed power sys- 
tems"), the servicing base station will utilize load infor- 
mation from a mobile's interfering neighboring base sta- 

30 tion/stations to adaptively schedule transmissions to the 
mobile at times when higher data rates can be achieved. 
Thus, higher data rate transmissions can occur when 
there is less interference and better C/l. It must be noted 
that the interfering neighboring base stations may only 

35 be interfering in one sector and thus, the determination 
of whether that base station is lightly loaded is made 
based solely on the downlink power within the interfering 

[0016] As will be discussed below with reference to 

40 Fig. 4, when the servicing base station of the present 
invention is used in a system implementing power con- 
trol (hereinafter referred to as a "power control system"), 
the servicing base station will utilize load information 
from the interfering neighboring base station/stations to 

45 adaptively schedule transmissions to the mobile at 
times when low power transmissions can be made. 
Again, it must be noted that the interfering neighboring 
base stations may only be interfering in one sector and 
thus, the determination of whether that base station is 

50 lightly loaded is made based solely on the downlink pow- 
er within the interfering sector. Thus, in fixed power sys- 
tems, the base station of the present invention sched- 
ules transmissions at times when high data rates can 
be achieved. In power control systems, the present in- 

55 vention schedules transmissions when low power trans- 
miss ions can be made, thus servicing its mobile devices 
with less power, which reduces interference to its neigh- 
bors. In either system, the base station of the present 
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invention increases the overall throughput of the sys- 
tem. 

[0017] The present invention takes advantage of the 
statistical fluctuations of each cell's forward link transmit 
power. A base station's transmit power can fluctuate 
with the number of mobile devices it is servicing. Fur- 
thermore, since Internet traffic often appears bursty so 
that periods of high data rates are followed by periods 
of inactivity, a base station's transmit power may be low- 
er at times during which fewer of the mobile devices it 
is serving are receiving data. At other times, a base sta- 
tion will transmit near its maximum power, for example, 
when it has a number of active mobile devices, all of 
which are simultaneously receiving data. 
[0018] Fig. 2 illustrates a base station 22 constructed 
in accordance with the present invention. The base sta- 
tion 22 includes a controller 30, antenna 34 and radio 
module 32 connected in a conventional manner. The ra- 
dio module 32 contains a plurality of radios 32a, 32b, ... 
32x. The controller 30 may include a programmed mi- 
croprocessor coupled to a memory device or it may be 
an application specific integrated circuit (ASIC). It is de- 
sirable for the controller to include a programmed proc- 
essor and memory so the methods of the present inven- 
tion can be implemented in software. The controller 30 
is coupled to the radio module 32 and is in communica- 
tion with the MSC. The controller 30 controls and coor- 
dinates the operations of the base station 22 including, 
but not limited to, call processing and power control 
functions (if the system uses power control) while also 
communicating with the MSC. With the provision of 
some additional software, the controller 30 will also im- 
plement the methods 100 (Fig. 3), 200 (Fig. 4) of the 
present invention. 

[0019] The following example will be used to illustrate 
the operation of the base station of the present inven- 
tion. With reference to Fig. 1 , the system 10 utilizes a 
1/3 frequency reuse pattern and a mobile device M is 
located within a sector 1 b of cell 1 . In this example, the 
mobile device M, which will be serviced by base station 
22a, is near the vertex that joins cell 1 to cells 2 and 7. 
In this example, it is presumed that most of the interfer- 
ence that the mobile device M experiences will be from 
the base stations servicing sectors 2° and 3 a . It should 
be noted that there could also be interference from the 
base station servicing sector 7° or other sectors within 
the system 10, but for this example, it is presumed that 
most of the interference that the mobile device M expe- 
riences will be from the base stations servicing sectors 
2 C and 3 a . The determination of the base stations pro- 
viding the most interference to the mobile device M can 
be performed during system set-up, calibration, or any 
other suitable time, by measuring the interference ex- 
perienced atthe mobile device M from each neighboring 
base station(and each sector) or by any other method 
including, but not limited to, geographical or mathemat- 
ical evaluations and simulations. It should be noted, 
however, that the exact mechanism used to determine 



which base stations provide interference to the mobile 
device M and which ones provide the most interference 
does not matter. Thus, the interfering sectors are 2 C and 
3 a , which means that most of the interference that the 

5 mobile device M experiences will be from base stations 
22b and 22c (from their downlink transmissions to 2 C 
and3 a ).Thus, in this example, the servicing base station 
is base station 22a and the interfering base stations will 
be base stations 22b and 22c. The system in this exam- 

10 pie is a fixed power system and it is desirable for the 
servicing base station 22a to transmit to the mobile de- 
vice M when the interfering neighboring base stations 
22b, 22c are lightly loaded with respectto sectors 2 C and 
3 a so that the transmissions to the mobile device M can 

15 be made at a higher data rate. 

[0020] Referring now to Figs. 1 and 3, a first exempla- 
ry method 1 00 to perform adaptive data scheduling us- 
ing neighboring base station load information is now de- 
scribed. As noted above, it is desired that the method 

20 100 be implemented in software and executed by the 
base station 22 illustrated in Fig. 2. It should be noted, 
however, that the method 1 00 could also be implement- 
ed in hardware, such as an ASIC, or a combination of 
hardware and software. It is also desirable for the meth- 

25 od 100 to be executed by every base station 22 in the 
system 10. 

[0021] The method 100 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 102). The servicing base station 22a 

30 also identifies potential interfering neighboring base sta- 
tions based on the location of the mobile device M as 
well as possibly on the signal strength received by the 
mobile M from other base stations. For a mobile device 
M near a cell or sector border, e.g., 2° and 3 a , the base 

35 stations servicing these sectors generally will be the po- 
tentially interfering neighboring base stations. Thus, 
these sectors 2° and 3 a , and the base stations 22b and 
22c servicing them will be identified as the interfering 
neighboring base stations. Depending on geography, 

40 traffic and experience, the servicing base station 22a 
can be programmed to monitor and identify other sets 
of interfering neighboring base stations during initial set- 
up and testing of the base station 22a. For instance, all 
of the adjacent cells could be monitored for a mobile de- 

45 vice M near a cell or sector border, or cells outside those 
immediately adjacent to the cell of the servicing base 
station 22a could be monitored. 

[0022] At step 1 04, the servicing base station 22a de- 
termines if the mobile device's interfering neighboring 
50 base stations 22b, 22c are lightly loaded with respectto 
the interfering sectors 2 C and 3 a . One technique for de- 
termining whetherthe interfering base stations 22b, 22c 
are lightly loaded (or not) is disclosed in EP Application 
no. 01 304 478.9 which describes providing the servic- 
es ing base station with an antenna for directly measuring 
the downlink power of interfering neighboring base sta- 
tions. Once the downlink power is measured, it is com- 
pared to a reference downlink power for that neighbor- 
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ing base station, and a determination as to whether the 
interfering neighboring base station is lightly loaded is 
made based on the comparison. 
[0023] This same "mutual monitoring" technique can 
be utilized by the present invention. Since the present 
example utilizes a 1/3 frequency reuse pattern and mul- 
tiple sectors in a cell, the "mutual monitoring" technique 
of the co-pending application could require a slight ex- 
tension to ensure the proper monitoring of the interfer- 
ence on a per sector basis. For example, since it is pos- 
sible that the mobile device M can potentially receive 
significant amounts of interfere ncefrom base station 22f 
via sector 6 b , the servicing base station should be able 
to measure the downlink power of base station 22f in 
the direction of sector 6 b . However, if the downlink pow- 
er measuring antenna in sector 1 b receives power only 
in the direction of its own sector, this antenna will not 
receive significant power from base station 22f in the 
direction of sector 6 b , even though the mobile can. In 
this case, the downlink power measuring antenna of 
base station 22a in sector 1 a can be used to measure 
the powerfrom base station 22f in the direction of sector 
6 b ; this information can then be transmitted via base sta- 
tion hardware from sector 1 a to 1 b . 
[0024] Another technique for determining whether the 
interfering base stations 22b, 22c are lightly loaded (or 
not) with respect to interfering sectors 2 C and 3 a , is for 
the mobile device M to take measurements of the power 
it receives from the interfering neighboring base sta- 
tions. Once the mobile device M takes these measure- 
ments, it can report it back to the servicing base station 
22a, which will then use the measured power to deter- 
mine if the interfering neighboring base station is lightly 
loaded with respect to the interfering sectors. 
[0025] If at step 104 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are not lightly loaded with respect to the 
interfering sectors 2° and 3 a , then the method 1 00 con- 
tinues at step 106. At this point, a transmission to the 
mobile device M would have a low C/l. At step 106 the 
servicing base station 22a will not transmit to the mobile 
device M at this time unless there are no other mobile 
devices with high priority for service. The servicing base 
station 22a can use the time slots to transmit with high 
data rates to mobile devices that are not experiencing 
interference from their neighboring base stations. 
[0026] If at step 104 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2 C and 3 a , then the method 1 00 contin- 
ues at step 110. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l. At step 
110 the servicing base station gives high priority to 
transmit to the mobile device M. Thus, the method 1 00 
attempts to transmit to mobile devices at times when the 
data rates used will be highest. This substantially in- 
creases the data rates of the mobile device M and the 
overall throughput of the system 10. 



[0027] The present invention will now be described 
with its use in a power control system. As is known in 
the art, a base station process known as power control 
regulates the transmitting power of the base station and 

s the mobile devices communicating with the base sta- 
tion. This typically occurs in CDMA (code-division mul- 
tiple access) systems, but it can be incorporated into 
third generation TDMA systems as well. The power con- 
trol process also regulates the number of users that a 

10 cell can support at any one time based on the amount 
of noise and interference present within the cell. Inter- 
ference caused by users of the same cell and interfer- 
ence caused by users in other cells is a limiting factor 
to the capacity of the cell and the system. It is desired 

15 to reduce the power of transmissions to and from the 
base stations and thus, reduce the amount of interfer- 
ence within the cells (or sectors within the cells) so that 
the capacity and throughput of the system can be in- 
creased. 

20 [0028] The following example will be used to illustrate 
the operation of the base station of the present invention 
with a system utilizing power control. With reference to 
Fig. 1 , the system 1 0 utilizes a 1/3 frequency reuse pat- 
tern and a mobile device M is located within a sector 1 b 

25 of cell 1 . As in the prior example, the mobile device M, 
which will be serviced by base station 22a, is near the 
vertex that joins cell 1 to cells 2 and 7. It is presumed 
that most of the interference that the mobile device M 
experiences will be from the base stations servicing sec- 

30 tors 2 C and 3 a . It should be noted that there could also 
be interference from the base station servicing sector 7° 
or other sectors within the system 10, but for this exam- 
ple, it is presumed that most of the interference that the 
mobile device M experiences will be from the base sta- 

35 tions servicing sectors 2 C and 3 a . The interfering sectors 
are 2 C and 3 a , which means that most of the interference 
that the mobile device M experiences will be from base 
stations 22b and 22c (from their downlink transmissions 
to 2 C and 3 a ). The servicing base station is base station 

40 22a and the interfering base stations will be base sta- 
tions 22b and 22c. The system in this example utilizes 
power control and thus, it is desirable for the servicing 
base station 22ato transmit to the mobile device M when 
the interfering neighboring base stations 22b, 22c are 

45 lightly loaded with respect to sectors 2 C and 3 a so that 
the less power is used during the transmissions to the 
mobile device M. 

[0029] Referring now to Figs. 1 and 4, another exem- 
plary method 200 to perform adaptive data scheduling 

so using neighboring base station load information is now 
described. As noted above, it is desired that the method 
200 be executed by the base station 22 illustrated in Fig. 
2. It is also desirable for the method 200 to be executed 
by every base station in the system 1 0. 

55 [0030] The method 200 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 202). The servicing base station 22a 
also identifies potential interfering neighboring base sta- 



5 



EP 1 180 881 A1 



tions based on the mobile device's location (described 
above). At step 204, the servicing base station 22a de- 
termines if the mobile device's interfering neighboring 
base stations 22b, 22c are lightly loaded with respect to 
the interfering sectors 2 C and 3 a . This determination can 
be made by one of the two techniques listed above. 
[0031] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are not lightly loaded with respect to the 
interfering sectors 2 C and 3 a , then the method 200 con- 
tinues at step 206. At this point, a transmission to the 
mobile device M would result in a low C/l at the mobile 
device M and would require an increase in transmission 
power to compensate for the low C/l. At step 206, the 
servicing base station 22a gives low priority to transmit 
to the mobile device M . This way, the servicing base sta- 
tion 22a would not waste power on this transmission. 
More importantly, by not transmitting with increased 
power, the servicing base station 22a will not increase 
the interference to mobile devices that receive the most 
interference from the servicing base station 22a. 
[0032] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2° and 3 a , then the method 200 contin- 
ues at step 210. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l and less 
power is required for the transmission. At step 21 0 the 
servicing base station transmits to the mobile device M 
with high priority. Thus, the method 200 attempts to 
transmit to mobile devices only at times when lower 
powertransmissions can be used. This substantially re- 
duces the co-channel interference caused by the serv- 
icing base station 22a and substantially increases the 
overall throughput of the system 10. 
[0033] The methods of the present invention is pref- 
erably implemented in software and the software in- 
structions and data can be stored in PROM, EEPROM 
or other nonvolatile memory connected to or contained 
within the controller. The software used in the present 
invention can be stored on a hard drive, floppy disc, 
CD-ROM or other permanent or semi-permanent stor- 
age medium and subsequently transferred to the mem- 
ory of the controller. The program embodying the meth- 
od of the present invention can also be divided into pro- 
gram code segments, downloaded, for example, from a 
server computer ortransmitted as a data signal embod- 
ied in a carrier wave to the controller as is known in the 
art. 

[0034] While the invention has been described in de- 
tail in connection with the preferred embodiments 
known at the time, it should be readily understood that 
the invention is not limited to such disclosed embodi- 
ments. Rather, the invention can be modified to incor- 
porate any number of variations, alterations, substitu- 
tions or equivalent arrangements not heretofore de- 
scribed, but which are commensurate with the scope of 
the invention. Accordingly, the invention is not to be 



seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 



1. A method of transmitting information to a wireless 
device in a telecommunications system, said meth- 
od comprising the steps of: 

determining if at least one neighboring base 
station of the wireless device has a load below 
a loading threshold; and 
adjusting data transmissions to the wireless de- 
vice based on the determination. 

2. The method of claim 1 , wherein said adjusting step 
gives high priority to transmit to the wireless device 
if it is determined that the load of the at least one 
neighboring base station is below the loading 
threshold. 

3. The method of claim 1 , wherein said adjusting step 
transmits to the wireless device with low priority if it 
is determined that the load of the at least one neigh- 
boring base station is not below the loading thresh- 
old. 

4. The method of claim 1 . wherein said determining 
step comprises: 

identifying neighboring base stations that may 
interfere with transmissions to the wireless de- 
vice based on the location of the wireless de- 
vice and received signal strengths at a wireless 
device associated with the identified base sta- 
tions; 

monitoring the load of the identified base sta- 
tions; and 

comparing the monitored load to the loading 
threshold. 

5. The method of claim 4, wherein said monitoring 
step comprises: 

receiving a signal indicative of the load from the 
identified base stations; and 
comparing the signal to a reference signal cor- 
responding to the loading threshold. 

6. The method of claim 4, wherein said monitoring 
step comprises: 

receiving a signal indicative of the load on the 
identified base stations from the wireless de- 
vice; and 

comparing the signal to a reference signal cor- 
responding to the loading threshold. 
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7. The method of claim 1 , wherein the wireless device 
is located within a sector of a cell and the at least 
one neighboring base station is a base station that 
provides significant interference to the wireless de- 
vice. 

8. A method of transmitting information to a wireless 
device in a telecommunications system, said meth- 
od comprising the steps of: 

determining if neighboring base stations of the 
wireless device have a load below a loading 
threshold; and 

adjusting data transmissions to the wireless de- 
vice based on the determination. 

9. A base station for a wireless telecommunications 
system, said base station comprising: 

a controller, said controller for determining if at 
leastone neighboring base station of awireless 
device has a load below a loading threshold 
and for adjusting data transmissions to the 
wireless device based on the determination. 

10. The base station of claim 9, wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device at a high data rate if it is determined 
that an aggregate load from a significant interfering 
neighboring base station is below the loading 
threshold. 

11. The base station of claim 9. wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device with low priority if it is determined 
that an aggregate load from significant interfering 
neighboring base stations is greater than or equal 
to the loading threshold. 

12. The base station of claim 9, wherein said controller 
determines if the load of the at least one neighbor- 
ing base station is below the loading threshold by 
identifying neighboring base stations that may inter- 
fere with transmissions to the wireless device based 
on the location of the wireless device or received 
signal strength at a wireless device associated with 
the identified base stations, monitoring a load of the 
identified base stations, and comparing the moni- 
tored load to the loading threshold. 

13. The base station of claim 1 2, wherein said controller 
monitors the load of the identified base stations by 
receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 
threshold. 

14. The base station of claim 1 2, wherein said controller 
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monitors the load of the identified base stations by 
receiving a signal indicative of the load on the iden- 
tified base stations from the-wireless device and 
comparing the signal to a reference signal corre- 
s sponding to the loading threshold. 

15. The base station of claim 12, wherein the wireless 
device is located within a sector of a cell and the 
controller identifies neighboring base stations as 

to base stations that provide the most interference to 
the wireless device. 

16. A wireless telecommunications system, said sys- 
tem comprising: 

a first base station, said first base station for 
determining if neighboring base stations of a 
wireless device have a load below a loading 
threshold and for adjusting data transmissions 
20 to the wireless device based on the determina- 

tion. 

17. The system of claim 16, wherein said first base sta- 
tion adjusts the data transmission by transmitting to 

25 the wireless device with high priority if it is deter- 
mined thatthe load of the neighboring base stations 
are below the loading threshold. 

18. The system of claim 16, wherein said first base sta- 
30 tion adj usts the data transmission by transmitting to 

the wireless device with low priority if it is deter- 
minedthatthe load ofthe neighboring base stations 
are not below the loading threshold. 

35 19. The system of claim 16, wherein said first base sta- 
tion determines if the neighboring base stations 
have a load below the loading threshold by identi- 
fying neighboring base stations that may interfere 
with transmissions to the wireless device based on 

40 the location of the wireless device or received signal 
strengths from the identified base stations, monitor- 
ing the load ofthe identified base stations, and com- 
paring the monitored load to the loading threshold. 

45 20. The system of claim 1 9, wherein said first base sta- 
tion monitors the load ofthe identified base stations 
by receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 

50 threshold. 

21 . The system of claim 1 9, wherein said first base sta- 
tion monitors the load ofthe identified base stations 
by receiving a signal indicative of the load on the 
55 identified base stations from the wireless device 
and comparing the signal to a reference signal cor- 
responding to the loading threshold. 
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22. The system of claim 16, wherein said system is a 
time-division multiple access (TDMA) system. 

23. A time-division multiple access telecommunica- 
tions system, said system comprising: 5 

a base station, said base station for determin- 
ing if an aggregate load from significant inter- 
fering base stations is below a loading thresh- 
old and for adjusting data transmissions to the 10 
wireless device based on the determination. 
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^ ^ ^ xu ^ m *m ^i^i7f a h>s 9>o,i^ <d^*> 53#on rfl?v ^-7H*i 

^ A>^-*H WT ^ ^«HJF. ^ 7fl2l a11^ xlAlxf i*>*>^ WTtS^Elsl 

rq- tf]^ 7l^l^(BS)«l ^7l#6fl^ ^iLSV z> S NR#o,l s^^.- r+=, t^^ l-o], ^ ^#6(1^, a^ 

4^ wTi-^iTii xiTii ?V4. bs°h si «n # ^flt- h^as sa^u Xi^lVt, ^£ 4^ 

WT#^1 %>^slfe ^ t}# ^ saA^, Al^Hl ^ 91^. WT ^7H1^ ; ^a]^ a] & ^-^.^ 

# ^oi^pq p^a^ ji «>^o,i^ "-ol^ a.Aj el-oj-olel- x^jffl^ ^i^ofl oqg), s.^^ - 014. SAj ei-oio] 

7fl Pi nl-el-plE^l- 01 el-o]^ tJ^*>71 ^.ft-^rq-. 

71^1^ rl-*^^' A 0 Hl^ ^lit-g- ?i*?Vcl-. ^ ^0,1 n].^, th& #27, sll^l-Pl ^-^^ ai^s-.o. 

t*i^, ^7H1 ^ol^ ei-ojol ^ oicf. ^Hj^Ai, ^1 sf^^^.V-fe ^1 ^1^4 3W>7l 

flgrfl XU 3**1 efltS d^l^, ^12 3*^^ Al^- ^12 rfl olHl Xl^^ 41^^71 ^ Sfl ^1 3** ^^'^ 4^ ^12 3**1 

^oil^Pl d^^rl-. ^12 3X1-^ sll^A AiAHlg^Aq X1S7} H *- <virl, ^- 7 1 *fl *| fc- -g-^-9>^N- 

(omni-antenna)t A>^s>fe ^, ^ ^ufP] ^ofl^ A>-g-^ *= oirf. 

^ ^EiM 4#Sl ^oflAl ^Ol J*fl«q ftS^l, SNR °; ^7lS ^ ?M. AflE^o^ on ^ofl^, 

A^i 1*^ AJ1 E 1 # ZI^P, AJ1 E 1 # Z|z|oHAi X]^^ ol dfl 7 ^ X}*i(a,l # ^ ? ^3**- cfl^)* A>^-*V 

^ 4 AJlEl^«-Eq * 4*1 ^ f*?iO£, £ fe ja^lVt, A^ 4= WTt^ 4= 4*1^ 4 

t- t^t =*- <Ji4. A>oi2i 2isi4^4447l ufl-s-ofl, 44^ ^e*4°114 4*=1t >MJl#* 4^ 

oil rfl4 >^l-(44)7} 4 ^ 44. ^-4, 444 *^^^1 44?-(^l# #4, 44 1^4) 4H14 *4 ¥4 

4Ji 4^# 4*4^4(3^ a^ 4^ 4^#* 4^44 Ji44 ^14^ ^jr 4*i# 4*4^4 ^4, 4^^I 

^44 WT4 44 4^ 4^#s4^^i 4^-21^ Et 4^-^01^-1 --^g- 4t4. °1 1- 4*1, 4^ 

AjiE^^4^Pl 4^«1 4^^1 #4?-, 4# OFDM 4^ ^^1^ ai^o) s^HiAq 4<a^ ^ ^4114^ 4*i# 
444^4 4^ 4Hl#oi ^^41^ ^ahhia^ 4^4^ 43: 4^^ ^44^H °fl-°q ^144. 



4 4^4 4^4 a*^. 4^ 4^74^4, nelJi, 4si^l 4^ 4^!^ 4 < a4#°l 7l44o_^«. E i -4 ^j- 

7l#^ 44=H BS4 214 wts 4*fe ^IJLPI 4*H1 tfl^ wt°1441 # ^oi^ s] 2m ^^ ^444. 4^ 4= ^1 
Elt 4^4 444 44 ^444 '^4^ 4°44#4 444^4 44€ 4 ^*-4, 444 ^444. 4s 4^ 4 
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3!-fr 44^ &4°114 44^ t 4°44 *!M<*fl cfl^ll 4^ 444^34 sl-sfl a>-8-s>^^- ^ 

^r}. o} # ^ 5 l4°114 ^11 *U 4^-1 ?|i£ 49]* 4J> # 444^4 ^l^slJl, 9l^ ^t 

^.<y# a^ Tiofl 4^1 r+= *fl 2 4^1 ^11^ a ia^oH^ sj-<y^ aij-s x^I^* Tflo^t}-. 

^ *^s] «J u d s^fol BS«fl slSfl nWTS ^^fe^s] 4*-Hl tfltWTl^l2] # v4 

^ P^a^ o^fl 4<S^#4 4444. € \S 49i4#^ xfl t ^ ^ o^ftV ^ E ^ 

icif> 4^51 x W }xl at 4*^3 44§(44^H4. ois- ^j^g-ofl^ tol^t WT«114^ 4Jl-^ 

^ 4^4 7^44. fl*^ ^^(^ sj-Qj^-S),* ^ ^ p f fe 444^4 4^#4 44 

o> 5 ^ aJ^ # ^ x^^ 44#C44£#H4. 444, 49]4IHH14 4^ i^l^fe ^4 y>A^ S444 
4^-^ t^^l- ?£44t 4 4^4 7^44. 

^ 4^1 <y ^ 4 o 444 7fl-5oii ^sv ^ ^ 4<a*#^ <i# #4 WT 7> 4 3^ 

SlJl, ^4Tt 4^ i^-^l ^x^o, t^o^P} WT7} 4^ ^!E^^ o]^- 7 >^ E «>xl ^* nfl, WT°M ^ ^ 
4^41 114 A^44 44 Al^^o,! A}^ ^ olnf. ^JlEi ^ 4 0 44^ 4^ <a ^4^4 4Jr dfl 

^-hs 444^1 ojtji, q-^xi at ^ ^4 ^4 #4 aixis 49i4#« ^44t 44^ 44#<a 4 $a 
4. 

^4 944*4^, 141 *4W1 ^^17} 44^ 44^4^14 0^4 Aljrrz x^^ q-uj*] ^^s-o] fl. 

?W}t *n E-| ^ ^oijl^^ ^ -R-^l-ol flx^sj - 5!^-. iEfV, ir]- ?J^^. 

4°^t S/Er riotsv ^ ^.y^ ^^# 2l £ --o. s> wife r+o^sV 2? ]1-§H1^ ^WTS 

7} P.^oflA^ WTt?-2] flgfl A>^-S]^ BS7> ^ %l7ll ^>7] gfl , WT.^^E^ BSS- ^ il# 

^ 3. aH Jl^SVuf. ^Efl 71^3^ ^ Xj M ^ g^ol O^^, Tlfl^ ^^I^OH JjL?^^, 

7H1 tf/at XflE^Tj- t olS^ oj^-o- H}^g>7l flSll A>^^ f Sat" & 0 l A o^ St#^" ^%T-?>4. 

ofdm 7m €^hhi^, 4^*^ s^ja at a>^^^^ ^i^^ 

^■o> safe, ^, ^# 4^1 fe 

2 S V ^ ^ a>^>o^ ^ol^^ ^^«Vr+. ol -ol^ ^x^^ *>7ll ^a]^ ^ s] fl*>o.^^ 

>MJL t^ ^lf>sl t SNR & ^ ^?Vc]-. WTt oil- t SNR & 3Lt ^ fi t^ BS 

^1*'^ ^E^ 9>^q-l-°- ^SHS ^7|1^ .^Alajofl^, ^ ^-o] ^31 E^S ^^E]^, n Ql «. j£ t £ . ? . t j 

^ ^A>^oH tfl-g-^S^ Cfl^(^^r£)^ ^^r« ^ 5a4. °1 W^^, € ^ 4^^^^, ^ H 

4^ ^E^# ^ 93^- Hit £f2l ^lS/T^T 5-71^^- sl-Q]5L sii^.o. »|-^ ? vr1-. t WT7l - xji 

^, WTt 71 xl^-oq ^ ,^9] ^S.^ WT°1] A i ^a]^ SNR ^^#p^ BS7f ^s^ t ^ S NR-?t 

^ ^Jl?V4. BSt ia^ WTi^ Mt SNR-S- ^*>7l ^-fq ^1 

^ 44, ^4 447lt 4^ ^ ^12 74^^ ^x\, ^s]4, 4^ 4*=]t ^^in t 

7fls1 4-^- 4^ 4t4 4^4 4^#s1 4^4 4*344. 4 4^ ^14^ «14, 4^ 4^1 ^14 ^-4#?- 4t4^1 

4, JI^4 Hl-*flS 4^1 ^14 ^ ^SSl xl^ ^1 ^l^o^ ^ ol ^ ^ d o] ^ ^ ^ d o] Sl^rfl^ 

41-^91 A^a?iin §14. 714 T44 494* 45:^1 4^^4e^ 9i^4 4t ^1 ^ll 1 ^ 44 ^414 4& 4^ 
A4171 4H«fl 714 44°11 ^sfl ^^44. ^2 444 4 0 44 4^sl 4^a?-4e^ 9i^4 42 4^4 4^ 4^ ^1 444 
4^ 7^12 44°11 -°4fl S44H xfl^i ^a] xiAix> 4^^4J4. 4i ^ ^2 *m 44 ^414 44 447] 
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BflAl^eifl^ *i^tf. *fl^ ^ xlAlxf 3^ ^ol, £^ SNR 2.^ #S<9 ^ SW^-, 

q-fe SNR 3H ^Jii, ^ ^ -fWl ^#ol rifl^l€ SNR ^ 3^ *H ^ ^ x] 

°^^^11t4^, WTfe ^ ^TiHl tflsl Zifl^m ^H^h, *1 3*1 71x1^ jijisVi}. ^H ^ife 

^ofl ^.JI^Cl-. ^.Zlifl o-l^l ^Jit QJ^^S, -T- 7ll«l ^ #2] xlAlxl ^#41 ^-7l=lJI, ttflltflS * 711-1 # 
nelM-, Qj «- 7^§o]H, <H^1 ^Hfe ^ 7fl°l xfl^ #^ xlAlxf St*^ §«J$ BHAlxllfl6flAi 

S ^3 Hj-rf ^3 c,.oJ f V «. 7l .^ ol^§ ^loj| f ol gJ-7131 ^1?> A^ofl 71 satf. 

3F_ 1* ■& ^^*l-7l ^Sfl Af-g-Slfe x]^7l ^ ^7l# X_X\ffc: 7fl 3=J=. 

5L 2fe ^1^1 ^ €#el Ali^ # ST-l^fe 

£ 3* * «J^-fr ^^§1-71 flsfl Af-g-^, Aljr 37}o H1 o^SJ.- ^ EAl^ 5=^. 

4fe * ^* ^^*f7l ^Sfl Af-g^fe, ^Aj^ s)-^) tfl ^ V_ol^ # ?_Al*l-^ ofl ah 01 v _oi^ ^ eteio} ^aH1# 
£Al^ 3E^. 

3F_ 5fe TSflolE] 3^* ^ ^ 4M«l-fe * ^H ^ AH ofl tfl-g-*Kr S}-$| tfl ^3^- 

^21 11H11S. 

6* A]^ A)^ V_ol^# 3L %>SR=r ^A] ^rf- 7 l ^A) SNR c] SNR1 HlA] & V.ol^# i%>*l-fe 

^ ^^71 ^AlSNRO] SNRO 4^121 ^7^1# ^l^fAjJ^^ioj T^o., A]J: o )$ -01^7^^ ZJ-^ 7j--rt A] 
S 31^ ^ol^7l- Aljr ^.d- 4^ ^^ol 3711 7^ <fofl [flsH ^Al^ t IlSflS. 

£ 7^ ^ ^ofl r4- ,1 ^ ^f, Afl ^ ^ 4<y$ ^ al-^lS ^ 37fl 

OFDM Aj Al ofl # *V oil ^1 ^ Al n ^ ^ £- jh Al ^ t 51^ . 

s ^ *^ofl 4= Hi-^is ^ 4^*, € ^ & 31^1 ^ # ^Ai§>^ 

£ 9fe ■& €"^31 xJlEl 7J7II °o^#°1] ^ «J-^21 olefl Af-g-sl ^ ^3 xji *\ aJaHsI ^a1^ ^A1 ^^ 7l 

# ^1?V 3711 Aj-ig-s^ ^1^^ £ yl . 

JF. 10^ ^ l^Hl 4^ 3 ojAj-o) XJIEI^^ 3L*>^ir Sfe ^ ^-ofl tfl *H 3/fl ^ -f^§## ^f^ffe 

*n*i# ^iai^ ie^. 

£ 11^ ^ ^F€#fe ^lAH fA] Al^^#^ cflAl«|.fe £0^. 

£1 12t- ^ ^°fl n]-el- ^I^H 7H^° : aHAl§> t te^. 

£ 13^ ^ «^ofl r4el- ^*1^ a,l AH ™# ^7l» o,l Al^ 

14*r ^ «^°fl ^ *7H «oH2l 4S1 ^lEl^^Al Hj-QjS ^^^7l ^ * ^7fl# 6fl A] ^ 

£1 15 vfl^l £1 17* * ^«fl ^ojs .^^ ^ ^| AH ^-Qis s ? ^-s..o. ^A^ft H^. 

£ 18* * «^°fl 4^ -9^ ^* ^71 107l]2] Hs r+ = s # a o t- s1 o,1a1^ S> S# rifly]^ 

5F. 19fe * H-^Sl w o >»l^ ?«*l-ir ^7H ofl^mfe «-^*^M. 
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£ 20^ ^ 4^ AAA 44 4t <*IM*| 7}AA~A ^AA ojlAlS)-^ #S^X>JeL. 

f. Aj <4 

^ ^ o] Ho >rf ^ s> q. olAj-o] ^ ^ A>-g-S>^ ^x] Ali^o,! A^g-S^H nfl o. 3i^>uf. £ 

aa ^(1104)^1 i^aaa sit aaa ^li'Sdioos ^i^1s>ji 4^4, ^l^a^ o] 5 j 1(1104)°- =7- & 

neis>c}t olsfl4^4 elcf. 4 Afl( 1104) ^ 4^ N aJIe^^ t4=14 1 i^A e 44 444 
4. 4^(1100)^ 4 €(1104)4 3 ^4#, A, »ll ^ S0(1106), ^12 q*\ SK1108) * *l|3 ^ S2(1110)S ^t 
sit 4*1- <i444. 4(1104)^ S0/S1 -S] El 4 711(1150), S1/S2 AA 4 711(1152) 4 S2/S0 44 44(1154)1- ^44 

4. -33] El 44#4 AAA AJ1 E ^ afl^ s.^ o]^ ^ E ^ -AAA A&7} 44 ^44 44^ 4444, 4444 4fe 44 
^ o]^ A> o] & ^Aj4 4 ^44 g>t 3 4 A A. 4(1104)44, 444 <ffliL ^#( E N 

t), 4# &4, Efl}^ ^A=- ^ ^4 ^^7l-t(WTI|-)* 4 44-(I3S)(l 102)4 #444. 4 44 4 4&(N=2), 

34 olA o >o) An E ^( N>3 )^ ^ ^^rz 7>t44. 4 4 S0(1 106)44, 4^4 ^ V_I^#(EN( 1 )( 1 1 1 6), 
EN(X)(1118))^ 44 AA 4^#(1117, 1119)4 4444 yjx^ i(ii02)o11 4444.44 Sl(1108)44, AAA A 
H. ^&(EN(1')(1120), EN(X')(1122))4 44 44 4£1 = (1121, 1123)* ^-frs}^ 444 1(1102)^11 ^^.r}. 44 
S2(1110)44, AAA 4^ V^#(EN(1")(1124), EN(X")(1126))4 AA AH 4^(1125, 1127)4 4444 AAA 

1(1102)4 4444. A AAA AAA, A 44(1102)4 EN#(ni6, ins, 1120, 1122, 1124, 1126)011 AAA AA 31 
AAA AS-AA 4*44, 3A AAA AAA AAA 44444 ^4^, AAA 444 AAA AS-A AAA A 
7}^7}^A\^A. A AAA AAA, 4^ h-.E.!-, 4# #4, EN(D(iii6)4 4^-4 4H, 4# #4, AA 44 AAA A 
A 7lxi^(iio2)oll &jlAA, 7lxi^(no2)ol A AA AA AS- AAA AAS-A AA AAA AA SNR# A 91 

711 ^-A. AAA( .1102)^8: iimflii ^£i(1114)# ^-fj-5-><^ vijE^ri i^B.(ni2)A AAAA. A^A^. ^^(1112)t A 

A^AS. oflg s-d], A^r 7]AA, AAA # oflolxic ^ u|lc^) a ^3(1129) 

© ^-B-*M ^^4. A^-Ab. t:=(iii2)t ^]E^ioii sq«. ^(iio4)* ^1^^>^A^ **AAA -&4*>feEN 

-f.(1104) AAA AA iHt4 A AA. ^.(1104)^^ ENWA ^(1104)^ -^fH!-(1106, 1108, 1110)^^ 

A A^A: A °AAA, A^ AAAA AAA^= A^ €^ A^ A AA. A^A3. ^3(1114, H29)t A^ ^A, A~AA 
?H«1«^ A °AA. 

f_ i2t ^ ^^oii nq-eq- ^^xj 7 1x1^(bs)( 1200)4- °ll^«t4. 71x^(1200)^ .v. 1121 AAA WA A^A 

^AA. 7lxi^(no2)p^ i4xj-^si s «oir4. 7lxi^-(i 2 oo)^ ^i>l(i202) A AAAA20AA AA ^A AA^A 
9^114(1203, 1205)1- S^-*}4. t^!7l(1102) t A3-Aa212)M- S-AAn, ?1*7l(i204)t A^A(1214)-M- ^AAA. 
7lxl^-(i200)^r PF-?V I/O AA A A ^(1208), ^.^H, oil^- s-d], CPLK1206) A, nll-V-&l(1210)# S%>?1:4. ^*7l 
(I204)t ^lE^sl-^ A<t AAAA205m ^A^-A ^^1^ «oH*s 4^ as\^c% 4<g^ Ajit^ ^^§}yl 
AAAA. AA\ 71(1202), ?i*7l(l204), Hi^H(l206), I/O 9!^Bfl ol^(l208) ^ ^15^(1210) t ^^(1209)1- Z^A 
AA AA AAAA, A A + A AA AAA ^l^mA AAA A A^A A^-^-AA A AA. I/O o]E^loli(i208)t 7] 
*l^-(i200)-& AAA A 7}A A^A=± ^-±=-AA AAAA. 

nllP-&l(1210)t ^-€#(1218) A AAA/Al±A220)A- ^AAA. ^H#(1218)^ x^(i206)oll SJ, «g a] ; 7} 

Al^(i200)ol £ AAA 44^44711 AA. ^^#(1218)^ AA AAA222), AA Asl AA ^(1260) A AAA A 
A AAAA22AA S.AAA. AA AAl AA ^fi(1260)^ AAA. AJl, WT iJi ^1^1 x!^ s «-e^ ^ xiAixl- ^ 
AA AAAA AA AA AAA A AA SLAA262) A AAA AAAA^AA Am AA, WT AA A^m AAAA A 
A AA AS- AA SLAA26AA ^AAA. AA AAAAAA, AA A^-A AA AAA AA wtA AA^ 44^4. A 
AA AA AA AAA AA, AA AA, SNR i£t AA WTA AAA AAlAA AA AA AA AAA AAA7] 

A A AA AA AA ^(1226)011 AAAA. 7]AA AA ^#(1224)^- ^A^A a : &(1225), AA AA AA AA 
(1226) A AAA AS. AA A AA AA AAA ^AAA *1^^ ^#(1228)* i^4. 

AAA/A^-A220)A d4lEi(i232), AAA: SA AA^ ^Ji(i234) A AA A A 7] T:-floiEl/^i3.(i240)# if-44. ^1 
olE4(i232)t AAAA ti,i^(i2i2)^Et^ AAA, AAA A -?]Hi^(i2i4)oil AAA AAA, AA AA AAA A A 
AA AA S-AA A AA. AAA SA AA^ ^iL(l234)t AA A^ ^iL(l236) A A ^ii(1238)-& S444. 4^ 
Jit A^-A A AAA 4^ AAA: A &A ^Ifl^Hl 444 AAAA ^^441 AA A^ 4^ AAA A7}A 
A A A As. A^ AA AA.AA ^44. A A AAA AAA AA , BS(i200)°ll A A AA^AA AAA WTt A 
BS(1200)oll AAA A^-A, AA AAA AA AA, 44 AAA AAA 4^44. A ^(1238)t 4 4471 

lD(l246)oil AAA AAA A A AAA A &A 4*^^^, A^ AAA A^ 7 0 >tr AAAA 
4 4^4 A^ AAA AA A AAA AAA AAA 4 A^ 5°1 € A AAA AAA AAAm AAAA ^it £4 
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44-. 44 444 444/4ii(1240)4 4.444 A -¥4i ^t^t ?> 4°lEi4 44, WT 1 3J£(1242), 

WTN 4i4l254)# 1%><&4-. ^^.s] 4 Aflje, ^ go^ WT i ^iL(1242)^r 44e1(1244), 444 ID(1246), 4El 
IDC1248), 4 4 44 444 S;4(1250) 4 a^ tJtII 44 4i4l252)# Sl^t}. rfl o] (1244)^r WT lS-^tl 444 
4*4- 444-4 144^1, Al-g-7,1, ijflolElfc WT14 f-ytt kns 4*-¥14-. ID(1246)t WT14 444 

7144 ^ a1£ o^, 7,}^^ A] ^o,! Tj-rz sj-Q]^. Ajjr^ 1444 44 444 & Jr^ A ] € ^ zip s.^ 

444 ID(1246)4 4*44 71*1-^611 44 4444. 

44 ID(1248)ir 34 ^El#(S0, SI, S2,) * WT14 44# 4 4 #4 444 ^4(1250)* 

WT14 44 71^1^- 444 4^4" 44 44 M^i i^l^ltMII II^H, 71^1^ 4* 4:£ 3^^o] 

44^4 =T-a] WT1 SNR 3114 4tr§}4 flsll A>-g-*i- Sic]-, ^ xIaIaI- ^44(1250)* * 444 4-4, 71 
Xl^l o^sfl 7j-t= sj-^S Al^SAj-oflA^ WT14 44 444 44°- -^-44 WT14 4 sfl *F_44. -43] E-) 4 

Til 44 4^(1252)^ WT17} ^ ^4 4fe ^ 7^711 4^4 ^444 44444-4 444 4444 

44, WTl7lr c^- AflEl TgTlHl ^4 4 44 4 444 4 4444 1444. 4 4^4 WT14 4 4 <fl ^ 

4^4 4^-44 44 ^ *-^-4-* BS4 44 4444. 7.]^ xlAl^V ^#(1250) 4 4 El ^7^1 44 ^ JA 

(1252)4 WT1S*4 4 x 14(1200)i^4 44 44 4^4 4ii# 4444, 4 ^1 4(1200) 4 WT1 444 4 44 4 

^ ^#(1222)^ 4<&sV ^^1 r+<#ftV «l^*>7l ^ 71^-^(1200)^ >fl <H 

71 flSll^ *}-$r&K]-. ^Ffl#(1224)^ 71^ 7l*| -5* A 2 *, ^ 1" 1"^, +151 #^3 S T^l, i^l#^ g- T^^i, 

^ «^£l ^7]1 #^ ol^TRS. 7lxl^-(1200)# ^Hs>7l ^SH ^Sl^l, ^ ^711 Ai^. c}^ ^ 

* ^l^SoHA^P^ AllfO^ =A] Uj^- y ) MJ1 ^j^pq -A] > ^ ^ *>-g-^ £ *>*>r4. ^ ^ ^ 

(1228)* ^^71-=- Lflai^si -yjig-, <^m &<h, ^ 0 fdm ^ ^$-§> 

^-tl 71(1204) ^ ^i*7l(1204)# *lH*Vr]-. s)-<a^ a]^ hv^ ^ ^ ^o] z]- ^]e^# ^ ^ ^<£% 5 ^ 

3§ Al^A^S.^ « = V^Al7l7l fleU JL^g ^^(1234)^ i^fe ^01 E ^/A^ ( 1220)# *V8-£4. ^1 ^ A l 

s. A ^E^sl A ^-^^r-g- flft S-l-S- t-M^-^ ^-^^ ^ *# S ^-fl 5flH -^^-(1236)^1 

Slfe ^-^^ ^-#31 elltl-* s}-^^ a]^ ^-aJ ^ ^H(1230)S1 ^*H1 S ^H^^-. ol ^H(1230)* 
£ 15 i-fl^l £ 17^1 <i|Al^ g.so] r+= u}o^ ajojx] 

t- ^El c^l-g- ^he^^ r^^^ ^ 15 ^ rr,AlElJ2, Aj^^ 3^.Q1^ & Al^Af.o. 

7lAl^ ^«H*>7l ^SH ^^*>fe ^7flSl ^^P.^.A^I ^ %lfe fl\dEt ?F-fe -V-S#°l^-. 

SOl > ^ .7ll0l§>^A^ AJ^ AlTV ^4^^ ^ ^1^# A>Olpq ^.^pq 4033. A] 

S-^. ^/JEt- -S^l^t 33* ci-^fV sflfl^ sl-^* ^1-M- ^>?i^^€ Ji^^a Bfl 

« si-^ ^e^ ^ si-<a* ^ € ^ s)-^* ^*>fe ^-^ ^^-71 7> ^-^^ a]^ sts^.^.^ 

-^^1-4 S3:l-(1250)^ ^1# *r XI ^ 4^, 4^* ^ 4^* 

^ -fl ^ 4^_* ^i^S -W-Sll ^^^7-iq-, on- cfl^*v t . r>irl-. i?ll#^ a^- 

(1225)* ^ i^l#^ ^/^^ ^a] ^ *Vtg-^. ^ t >lwl-/l -?|511 4-8-^14. * €4^1 4^ i4#E^(1225)ir 4x1^ a] 

* aijt 37^1 pi *>^a^ 7> - Ai ^t ? l 4 ^ai^ SNR-s- 444 fe ^it ^^4^- 4 /i4. 4 4 -4^1-4 
(1250)sJf-Ei -{fjn^ oiej WT#4 44 ^4»ist-°- 44*}7l flsfl ^4#e^4 444 4 44-. 4t 
BS(1200)7> WT4 4^4?-4 ^144 #4 4°1e1 444. -^-4 44 4^-# 44 444 SNR .ft-^^4#4 4 
444^14 444 44 44# 4fe 44#44 4^4s# 4444 4 4 44. 

£ 13* * 444 44 444 444 44 447l(i300)# 4444. ^4 444(1300)^ 44 4^ i^s., 4# #4, 
5144 tss^l 44-4 4 44. 44 4r47l(i300)fe £ n4 444 44 4^4(noo)4 £44en#(iii4, iii6, 
1118, 1120, 1124)4 i!4 444 X444. 44 447l(l300)t 4 4 4(1302), 4 4 4(1304), SS44, if #4, 
cpu(1305) 4 4^(i3io)# 4444 44 444 4?-4(i308)# s444, 44 fiii^ 444 4 4ii# 

Aj-^jii^S- ^ $^4. 44 444U300)fe 444 4 44^1 444#(1303, 1305)4 S444, 4#* 44 444 4 
444(1302, 1304)4 4444 44-. 444(1302)t 4^(1312)1- ^44^, #*7l(i304)b 9l2^(i314)-& If 
^^44(i306)b 4 ?-4 (1308)4 4 44 44 44"4 ^4#(1320)4 4444, 44 444(i300)b 444 4 
44 44 4* 4 444 444 44 4444 44. 4^4(1320)^ ^4#(1320) 4 444/4ii(i322)# s444. 
444(1320)* -W-4 44(1324) 4 Y4 444 44 44(1326)4 1*44-. ^4 444 44 44(1326)* 444 
4Jl 44 -V.&(1330), 44 44 444 ^ 44 .v. : &(i332), 4e1 4 4 44 44 -V-&(1331) 4 44 44 444 Si 4 

* 44 £4(1333)4 i!4t 4-^44 44(1328)4 444/4^(i322)b 4*4 444(1334), 44- 4 
4, 44 444(1300)^*4 tui 44€ 4ii, 4^*4 4il(1336) 4 444 4^44 4 ^(1350) 4 1444. 
4*4 4i4i336)ir 444 4^4- 4i4i337), #4 444 4i4i338), 44 44 44 4i4i340), 444 id 4 

£1(1342), 4 X 14ID 4il 4 44 4-S-(1346)# l4"44. 444 4-^44 4^(1350)4 3:4 44^ 4ii(1352), 
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31-*] 45(1354) 4 5 5§M.(1356)1 £4*54. 44 4£St 45(1337)5 444 445 4£2l 914 4 44 4 ^ 
^£ s>44, 44* 4£ 4^ £5(1330)21 4544 5^ ^^.s.^-B] AAA 4^4 A JiSlt £444. 54 *14 
4 it ^£(1338)5 554 54 444 St £5(1332)£544 5§14 £«"4-4. ^ 44 xl44 st ^£(1338)5 

445°ii 454, 4*1 5°i aijl 33-954 *v=-^ wt 54 snr-s- 444 a <a Tii 44. -ai 3 ;g Til 951 -~4£ 

(1340)5 54 44471- 4^ 7^711 °<§ A 4 °fl 444 44 4445 °ll 5 54, 54 444 7} 45 4 El 4 44 &H45 A 
544 44 4445 ^£ 4 4 4^1 4^1 ^ ol- ^o] ^7,1 °§<4 44445 4445 £444. 7lxl^ 4^ 

4914 4^4 44 5 ?J-^Al7l7l 91*11 4 ££44445 44 4444 51455 44551 91*11 4^ ^ ^ ^£5 45 

4 5 44. 514 £-Tl 4£(1346)5 44 44 444 St5(1338)4 555 £5 93 ^ 4 ^4 yfl ^ xl44 St5(1338)5 
IW, £4, ^Hl TgTll A A >gji(i340)« itS 5 914. 44 £^ ^£(1346)5 4 44 AAA 44 914 5^ A 

4^15£ £5 44 ^55H1 £44 ^ x]Alxl St54 nf£S £44 4 44. tfl4^155 51454°114 4 ? I 7j 

AA A 5 °£- ^7|2jo?. 544 5 44. 445 id 4£(1342)5 7]x\^4\ 4 44 «^^iflofl^ 5445 54 54 4 
^71(1300)^1 4 754 7514 91 7} 444 4444. 7144 ID ^£(1344)5 7H^-cfl xl^iS rijj-s s^, a] 

iei st5 i^m, Hi*i-, aa aa ^ sicf. 

4°^ ^ A l*^ ^(1352)t B j7)-3:>yl iHsfl A^ &#(1356)ol ^ ^ ^ t4, mA, OFDM 

* 7l?Ml ^^Wt^m 71^1^ ID ^M(1344)S t^^I 71x1^-^ cfl^].^ iiwfj-rf. s)-^^ sffl sjl 
(1354)t s}-9l^ S ^1*^(1352)^1 i*>sl % Vt f^ ^sl^A A^ sMf* ^f^l 

7lt1 tfls>o^ Al^slr|. a]Jl 37^1 511 € ^i(1354)t ^1H ^ ^1 ^ 31 s> ^l^f> ^ ^r^-. 

^FH#(1324)^ cf^^ ^s3s>-^, cf^* 1-^1 fl s Ss>7l ^gfl J?-a1 ^H-7l(1300)# 

riA] ^^S.( 13 2 6 ) o. ^. ^-TgS^ tt}-^ Jp-Aj ^^-71(1300)21 71-& 7l ^ ^^1 ^T^l X\ =L 

^ ^Hl-(1328)^ ^71(1302), ?i*7l(1304), H ^s] ^Hf if>*>^ ^^7l aI^^^o] 

71tt-& ^MSH, -^lsl-21 #33 ^1^14 St-&21 ^ xlAl^l- ^1-^ ? ^-.o_- ^ 

«o V ^ ^1 *m T 1 ^! ^^"7l2l ^H?Vcf. 3)-<a^ A]^ .V_-&(1300)^ 71x1^- ID ^H(1344H1 A Sfl Al^^ 

^ 4lil-2l Al^i ^^(1352) ^ g- ^i(1356)# *H°l^-h ^A ^^1(1330)^ 

A ^-93* cfl-§ s>t ^1^5t°-- ^^t-I ?l m^- 311-93* ^1J:21 ^ « ^ .^^s g>q-i- a^^c]-. ^im 

AAA- & ^ .V-€-(1332)^ 3^*1 ^A -V-fe(1361) ^ SNR .¥.&(1362)-& a^-^. ^l^l^l- St 

£5(1332)^ 4°^ 4li ^A 5-^(1330)3-^ St#(1337)* ^>-g-s>t, ^l"°ll A^r A A 

A St#-& £5(1332)* m ^ ^112 ^t-l- 0 l A^ A^, m ^ ^112 WA AAA St 

*U ^ ^112 ^^#21 aUsb^ afj-elcl-. 3)-^ J?_5(136D* *Md^l 31)-^*- ^]^(#)°ll if>^ ^-^^ 3i)-*l# ^^j*} 

7l ^sfl =5.^1^(1306)1- ^H^yl rtaS^-lH SNR ^A £5(1362)* ^^.A. 

(5)21 AS-iA A°-Am- ^AA?\ 91*11 ss^l(1306)i ^1^547-1 91fV^i£EflH AAW%: S.%AA. £5(1331)-& A 
AA^= AA Ay]] 91^15 ^AA A^^A ^AA A^A-A A A AAA AAA A ^^7l(i300)2l AA^ AAAA. A 
A AA AA AA £5(1331)* if A±- AA AA AAAA AA AAAA 14 A A^ AA AAA 

WT(1300)°11 AAA S-A 5* AA AAMA ^AAiiA 1- ^A AAA A AA. AA AA AA AA £5(1131)^-5^ 
AtAA ^£5 AA AA AA ^£(1340)^11 3LAAA. AA ^A AAA A Air AA 511(1333)5 AAA-°^A AA 
AA A& A 5^ AA A AAA A&A AirA AAAA. AA A^A AAA A Air AA 51K1333)* AA*) AA £ 
5(1335)5 AAA AA £5(1335)5 AA itA AAA St55 55^71 91*11 55=15 ^55155 5^^51 

£5 7l7il 5 e 37l-55 AA^A AA-AA ^^^51(1306)5 AAAA. AAA AA £5(1335)5 AA AAAAA AA 
£ 5 71121 ^ 55 -^515 St55 £55754, 594 AA 55 -*154 St 5 55 "151 A^A AAAA 5 54. AAA 
AA £5(1335)5 £5 951 AS-, AA mA. AA AA AA -^£(1340)1 £545 "155155 AAAAAA AA 5 
A AAA 55 £545 *1551 4 A A A ^£5 £544 5?- 54. ^551 A A ?-5(i335)^l 214 444 AAA 55 
AA 54 *144 A 45 AA £5(1333)21 4444 4544. 41 4 42 st5°1] 4545 ^551^^ ^ ^ s. 
A, 45 5-^55 91*11 £44 4 44. 44 44 444 st 45 44 £5(1333)5 51 £4 44 ^144 St55 4 4471 
914 4521 54 7fl4 4ti4£54 454 < 4 45 44444 544A£ ^55155 4544. ?-5(i333)5 £4 
WT(1300)°11 214 ^ AAA-A AA AAA 444^4 45 ^14 455°1] cfl54£5 45 ^1454 ^151 

5 45 4 4 44715*1 45 4 4 4555 4545 3 5 «1144 4 44. 

£ 14 4 AAA: AAAA AA 4545 454(ioi) 4 544(103)5 £445 44£°14. 4571(101)5 <^15 5 
4, 444(1200)21 4571(1204)4 4 4£ 444(103)5 45 54, 54 4471(1300)21 44-71(1302)4 4 44. 
4£4(H00) 54 54 4£4°114, 4571(1011)5 55 544(103)^ ^5515 45471 914 ^44 AAA AA 
4^54 4 4£7> 44. 4^55 4^1 £^ ££4 ^£ 4°|£, 4£ 44, 4 45 44 ^145 £444. 44^££, 
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44444 44#4 4^44 431, 444(101)4 444(101)344 444(103)34 44 4441 44 444 43 

4ir 44 44444. 3 14 444 43(105)44 -HQ 71(103)51 4 o] e-| 344(102)4 444(101)71- 444^r 44 
4 4^4(100)4 3444. ^Aj7l(103)344 4*4(101)34 44* ^3(107)4414, 444(103)br 444(101) 

3 444 434 44 444 iiM. 444(101)4 jijua 44 -a-nfl 43(106)4 444 44 rz. 44- 
444 444^-4 4444. 

£2t ?l*7l7l- 444(205)4 44 444(BS)(201)441 3443, 4444 44 4(207)4 44 ^4 ^^7l(WT), 
414 44, ?-44 444 3fe 3^ 4444 3444 444(201)4 44 444(203)41 4443 44(4X208)4 4 

4 ^it 444 4 Si >11 44 444 ^Al A3 #i ^ 4^( 2 00)4 34 44. BS(201)3 44 444 4J:4(209)4 44 
sH, 444 44 444 443 444 4 fel^W^l^a) 4443 4444, 44 444 4^- Jf£-°- f-sil 444 
4. WT(203)br 444 444 a]34(209)41 4344 4443 44 34(213)4 4443 443 44(215)44^ 
BS(201)4l4l 44 344(213)4 3^*44. ^ 344(213)4 44 344 34 4 444i^ 44 4 44 44 44 
7l 4441, BS(201)4 WT(203)7> >fl4 344(213)4 4?H1 44 44 4 4 \=J 3 ?1 4(213)4 44 ^ 334 3 43 
s wlw]*l ^3 AjxH xl^^l AS. 4444(209)4 444^ 44444^ 44 44444 *K4. WT(203)3 44 
4 4^4(209)4-41 h^o]^ 44 4 444 4 3 4341 ^llsH 4443 44 344(213)4 ^^It 4 44. ^4^ 

4 ?BJ4 344 4*, <34^/?Bl" g,- 4^ "^ol2:"4 X^Slc}. ^ Bfl 7l 44 7l£-=-414, °] 44 4 4 3fer 

^J4°-?. 4^-4 -444(SNR)4 44 44 ^44 44 ^3r 47>4 41344 3JI44. h-.^s/^ci 4^ 

4 ^IJ: ^1 2l^§>xl 7^0,1, olej cjoj ^^v^ o.s. ^4 SNR^l 4 A 1 

-°- o|| a^ 7 ) flsllA^ BS(201)^11 A^s-l t- 4^°14. d l B d ^^°11, BS(201)t 4°^ <T-*\& fl^JfE] 4*-& flsll A i^4 

fe, ^ ^^(^^) 4* ^# ^ ^Cf. §*3*1, 4^ 4^21 Tg^l, ^SL^^B] S 

Hflffl^ i^ol^^ 4= ^ ^^#0,1 cflsl ^^-sv SNR <^1^#* afl ^o] i-^^^xItH ^ « 

7l *1- a] J: ^■iVlH'S 5a^. 

4^°11 ^^^^l^ e^4, 2^^*>4. ej.s^As "4*11 -^ls"4 ^l^^t- ^ois^ g- ivi E 7 i- ^7fl44, °lt -^1 
4^^i «i3ii pf.^ tfls*4 sil «t4. 3^ h-.o}^ 7 \ ^ 4^°11 ^^4fe <^1# ^4. JF- 3^^, n?fl=(300) 
br ^^1^(317)^-21 ^]JL2l ^a]^ 37^1 ufl ^^(303)^-2] # ^ol^§ £Alfi>4. Ajj: s.^ ^-^(307)4^1^ 2] 

^ ^-^(309)21 ^-4 4 305S 5*1^ # ^olst- ^-44 4 J: 44(317)<>11 cfl44 aaj^ xi4. ^1-41-1^^1^41 44 4 

^21 Ol^S-ol ^7fl4 ^ %14. 7^11 V.OI^OI Ofl^ ^A]^ A]^4 ^Aj^fe al5§ 4S 41 4 *H 4. 6 1 -V.Ol^fe A]i 7J- 

sofl Bi3ii44. ai^s ai^ oflu-ixi^ oi^ei-oi^ 7^1 ^#4 41 el SE^r 4^4 4^- o^i-s^e^ 

244 4 $14. 441-^1^4 4 J: ^-^ ^^s^ hi^^v n> ^ 7 qq. a ^4 7^^^ 4^-^14, 44 iftal- 44^3 
SNR ^(4^^4414 ^4 4 4^-)^ BS(1200)7> 4^ 4* 444 44^-4 WT(1300)414 444 SNR4 ^44 
Til 41^471 ^14 el °14 ^144^1 *44. 

^ 4-^^ 4 WT(1300)7} 4-V_ 21^ ^ol^(309)2l ^7flAl a] v_ .x]^ 4-^sq 44^7-1 n 44^3 44 SNR 4 4144 
^, 4 ^it BS(1200)41 444 4 441 4fe 44 4 444 4^44. °lfe WT4(1300)4 WT4 44414 4 
SNR441 2i^4t 43 4^(4^) 4s: 444414 43 4-& WT43 444 4 441 ?>4. BS(1200)41 44 444 
4 44fe 44-4°- s 444 44 4 -^44 4 44 4, 4?- 4^ WT4(1300)41 444 444 *\t?. 4= 3 4 441 44 
44 4 44. WT 4471(1302)414, 444 4^ 44(317)4 44344 4 ^4^(303)4 4 *4 4 3 341 £44 4 
4 44 4 44 414 "t«l2 44 44 "4 4- 4 44 4 44 30541 4 4 344 4 4 44. 44 44 3054 44 

2IA3 444 4444 44 4441, 44 344 4444fe 4 44(305)4 4444441 4444 44. 44^ 4 4 
4 44444, 414 44, 4 44 44 444 2144 4 44(305)4 44471 44 4J3-44. 4 444 444^ 44 
4 444 444 4 44 444 444 34441 444 4444 4441, =l 44 4 44 444 444, 414 44, 4 
44 311 4 3154 444 444fe 444. 4444 44-^-4, 4444 444 44?3- 444 4 4°-4, ^44, 4 
44 444^ 44^^ 4 444 4^ 34 4 44 M4 44 444 444 4 447} 34 4^44. 

444(1200)4 44434-414 444 4^44 4444. 4 444 44, 4-^- 4^ 43 4444 444 453*4 
444^4, £4 4444 44 ^4^ 44 444 444 4 44. 444^, 41 444 4^br 41 444 444 
34 41 44 443 4443, 41 44 4444 4^, 42 44 31 4 4 42 444 45:4 42 444 444 444 
34 4444. 41 4 42 44444 4 444 4^4 4sfl 4^- 4^ 444 444fe 44, 444 444 4 44. 

3 341 444, 41 444 4^4 444 444 44 44(317)4 44 4 34^ 44(319)4 4444 44 30544 
41 44(315)4 444?-4 44 4 4444. 4 444 44441 444, BS(i200)br 4-4?- 444441 4-71-44 
44434414 "4 444" 43:44 4444. 4 44444 BS(i200)7l- 444 43 44^ 4444 43 44, 41 
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1- 1-4, 4s 441- 44t 445 -MM 4*44 44, 4* 441-(44Sl-)s ^444. 42 44* 4n, 4 44 
* 4Jl* 44 30544 44 311* 4^ 44 ^4^(307)4 *7>9J ^ 3*^ Efl if(313)-gr 4444. 

44*# ^ ^ 34<g^s oj^j. ^o]^d\] 7la4"4, WT(1300)^r 4 44 ^S. 4^ a]Jl 44#, 

#4, 0 44 ^ *4¥l 444 44(317)44 4 44 ^£ t^g. t ol^ ^=-(313, 315)4 4444. - *i 3 s 

(311, 315)^-44, WTQ300)* A 34 44 V_4^ s-^j 44(305)* 444 * 44. WT(1300)* n^F ?F-4 4 e}<=] 
(305)3] 44441(4© 14, ^Hfl (slope), °Jt1^ i&fe 4S4 «a»|fi] 4^ s- 7 }9] BS(1200)4 4444 

BS(1200)4 ^ &=-_o_ i 3 -^*!- WT(1300)S4 4*4 ^-o^l x[sl 4*1 i- flsfl ^-44 SNR* 44 4 

=r Si Til e>r}. vfl 44514 0 4s 44 ^ cf^ shU**^ 7}xl 7 j nfl^, t}^ e^g, 443 4^4 e 44 S 4 
*44 nfl^-ofl, £ 3 sl 4"4S 3*°^ ^ ^ 3*^^.6)1 tfl-g-s}^ ^ 44 44(311, 315)4 4^4 44 "1344 44 
(305) -4444 4^4 44S-4 

4^ 1^4^ 4 444 aIzl^^ 5414 #=71-jeL 4^44. £ 43] nEfln(400)fe 544(401)44 44 4^4 

A-44 ^ tfl 54 4(403)44 * Msf n^m. SL 4! ^o]^ ^01(405)^ 445 ^54. * «^ 

oil nfe)^, 44(405)4 «-4444 4 Sfl, WT(1300)7h 4444 ¥ 7fle] ^44 441, l^, x] a! 407 4 

4093] 444 544 5 4445 4^14 BS(1200)7> 4*4^, 41 ^7jo £ « E ] 9J44, 44(405)4 s-Aj s).^ 
4ii* BS(1200)S 4*44. 415 14, BS4200)* £ 44 S44 w}^ :y-o], sj-^ =-(yi ^ Y2)S^^ ^a]^^ = 
7fl3l r}^ a]^ 3**]s.(p lj P2 )-g- x1^*v ^ oirf. WT(1300)fe Yl(415) ^ Y2(419).S>H fi^l^ tfl-§- ^ a]^ 3* 

^ XK413) ?3 X2(417)^^ ufl-g- # ^j-?]- ^ 7$ fiVr-}. XK413), X2(417), Yl(415) ^ Y2(419)SJf 

3l-?](405)^ ^wll 31 ?lEl^H7l- H-ffs>7fl Tj^sj ^. <JJ ^^HHlT-i, n ^ P2t ^5^7^ Xi^wl Jl^sl«H sac]-. 

Z}^ AjAHloHA-1, P2 ir 3*^^ 7 d&o1 l c]l-§-s}ir 3**3* 3*^<a ^ ^A^, Pl^ ^ ^*«M^ 0 3**1 

« ^> x l^ ^ Als:# ^t*Lfl^ 07> ^ ^ 5114. Pi^ ool^ovt ti4. 

PI* P2 ^.tf 4* i^s] «g=s] ^ iiA^ ; -^Aioflg-ofl^fe a^c}. 

^ol^s-Aj aj.o](405)«l 4E-^ ^JiS^-El BS(1200)°11 21*11 4^, BS(1200)^ ^o]a1 ^ 

4^(Q)^1 tfl§}^ WT ^--M7l(1302)^^fi1 SNR& ^ Si4. !-<H, 51 4t- ^r^?] ?l* s|-^(Q)^ tfl-g-sf-t:- 

SNR* ^^j*>fe ^^># BS(1200)fe ^1^#(Y2, P2) ^ (Yl, PI) 7>o1o11a^ a]^^p_ s ii^l-^p.^^, ^ 

^ 3**1(Q)«1 tfl-g- ^a]^ a] 3**1 YK42D* #^?!-r4. 

P2-P1 V ; 

3**l(Q)o 1 l tfl-g-*>fe tfl-g- y.ol^ 3**1^ xl^js. (X2> P2 ) ^ (XI, PI) a]^ ^<=H^14-. 



■■(C-W) 



BS 4fl(Q)^| ufl*K WT(1300)°11 slsll ?t#slt SNR91 SNR(Q) t ^}7l34 ^-^?14. 



7l(P2-Pl)+(72-n)(g-Pl) 



X Jl(P2-Pl)+(X2-Jl)((2-Pl) 



4<>11 ^ol^ s.^ c}o](405)^-3l x| ^ A(411)ir X42031 x-^ S4 Y4214 y -^ z}^^, 3*fq Qofl 

cfl-g-«>4. ^1^ A(411)4 *i^(422)* 3*^(Q)7> A>^-s|fe 7J-f el WT ^ 71(1302)^^0^ 

SNR9J SNR(Q)4fe 7 Ait ^3l#°i°> ^>4. 444 , WT(1300)S Y ^ 4 iLJis] f?l|^lt£ V 4 w^s] ^0]^ s.^ 5^0] 
(405)*.S^-Bl BS(1200)fe <^1# WT(1300)# ^M^l SNR iL^STj* 7] 7] 4*fl ^iclfV 3*^7} 

5L 5fe ^a1^(501)aJ ^ s).^ tfl A,sj^ (503 )Aj-o] n4fe E.Hfl=(500)«- £4 «>4. 5fe ^4 €#4 4^4 

3.7} 4^ ^r4^ 4a(OFDM)# 4*4^ ^ ^4 4 ^ °1144 44 44 44-¥t4. 4 44 44 444, 444 
(505)fe 31 4^ ^ts 4444, 4s 4^ ^^44 4*4 4444 44s 4444 ^44^ 444^ 44444 
4s 4444 &4r4. 4n 4*4 4^ 44* OFDM 4*44 44 *44, 4* 4 4 4 444 s44 44 

44. 
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£ 5t OFDM 4^0^^ ^g-o] j%s$ s_^<m £Ale>rf. ^ ^Al^oflA-l, 3i|-<a-S-(515) S-^s} Ji^^ 

^ ^1(507)^1^ ^ 4^(513)^ £^ 3**1 ji-fe S- 0 14. °lt 4^ a#(515) ^ 

^. ^#(513)^ Al ? Hl ^ JL^Sm <?- Sa^, <S OFDM ^ g-S^-Bl tf-°- 3} ^-ff^t fl^l 7> # 

^ ^ 5£4fe yA% ^]€Yv\. a]7J; 7]^} s}-<y* AiJ: 3**^ ^ 4€^#q ^7l^o]rf. 

Ml 37}Q]s a^(515) ^ ^q-o] ^ ^cg^ 5(513)01 J= 5^1 5L*]±]o] <&r}. ^^^#(515) ^ \fi 3^^(513)^ 

5 BS(1200) ^ WT(1300) ^ S-T^tII £4. JE?h 26 tlM^ g-KSllH cfl-§- ^H(509) 

34 *M1 5 ofl tTAlEl^ tr 5fe sj.o^s s ^ s)-^ ^1^(515)^ £\}o]b\ s ^ 5^(509) i4 fef} 

^ ^7l#«l ^711 ^ SiTll §>fe ^-fr <1^sPr+. -a^-e.^., cfloltl s 3^-^1(509)^ £ 5^1 

5LX\& v\sH- SL^ t-lHEl ^ S fliLt g ^^(509)^ cflclEl ^- 

7^*l-q. 5L 5<^] £7-1^ w>q ^-o], qojs mo] 3^^(P)S Tj^qji, & ^ cflolEl H?fl«H qfl Q£ Tj^q^ 7j 

sj-^-fr W t^14 tiliAl itfl, WT(1300)ir SNR(P)qe} xl^JsKr SNR-g- ^% ^ 9X^r. 7] *1 

^-(1200)°ll cfl^ll SNR(Q)Pl S]^* ^ 5^1 =1^ ^°H, P q q# ^ ^ Q<^^^ ^1^1^ ^ 

^oll tfl-^s>^ ^^7] (1300W ^^q^SNRqq. 

SNR-1 7.1 A] ^ fA sH, ^ 71^51 - ol^ ^ ^ ^ Mfl«#q 7j^g>7l ^^0]q. 

7|^Sl B}7}1 M 6fl e] s.cl > rJQj ^rflroj ^ ^ o] Jf ^ ^ 7] ^ ) ^ z| =7^ S | 0 |E ^^ofl tfl 

SNRol 2 45H°>V> ^ SNR* fl-^ # ^ ^4. °1 ^s>^ ^ ^ols ^ «ia U fl«# ^«L> 

SNR* SNR# ^Al^lfe ^-fl(Q)ofl tfl«fl g-7l flsfl, BS(1200)7> ^^711 SNR(Q)# ^t.^*v ^ oi^ ^3 

SNR(Q)q-Q ^Tllt ^iL-q^ tfll^i q^fVq. ^^-g- flell, aIJ:-^ ^ol^7l- 7^- ^.flofl yHlS>n ; n 

(305, 405)-!: 7->-g-s>fe ?Jo£ 7^^. ^^}?\} ^ WIS *r 5ft^. 

a7> ol^^ qnl-Lfl^, BS7> n}-^ 7j^*v ^a] ^- 7 H1 ol*V ^a] 3^7} a P7> ^cf. 
^# q-q^ji yp/l- aI^-pi^ ^o]^# q-tl-iHul, Y ^ 4^ pofl Hi 3fl o]A>el- #4. °H, S-l-^-i ^ 

SNR-& ^-7^1: nfl, WT(1300) t §>7iq SNR & ^ syr}-. 



^7lAl, P ^ sfojs^oi cg^ ^ 5t$o}H, WT(1300)<^1 qsfl ^#q^ -y^-^^ ^o]^oiq. ol -SNR1'# 

olElEl^Al Als-21^ 7l^# ^£l3">ir ?3 * 44^^ 5J ° ^4. 

^. 4^*^ 4*t*.S^, o] 14 S^oHAl DS(1200)°fl qsfl ^tci^- 4fl5L g>7l rall^r^, WT(1300)7> 

V_ol^( N )# 7l^^A.?. ^-7j§>ir 740I 7>^§l-rl-. ol V o]^( N )^ BS 4°^^^ ^^14 4^(aP)4 «liH 

§>^, ^q^7} gjfe SNR-8: ^7j§> fe ^ol 7>i f <j>rl-. mI^^ SNRO(P) = aP/Nii^ M-Epfl 7] S s>t^, q 7 ] 

71, 'SNRO'^r -yjl-sl^ ^fl^ 7 > ^7fl5>xl 7^ o.^ 7^*! ^^ 7^^ ^^-4. ufl , SNR1(P)4, SNRO(P)^: 

^q^I4. 

1 = 1 } r 

SNR1{P) SNR0{P) a 

JEAlSl ^Sfl, #7] q Tj-Ol ^21 
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£ 3 ^ £ 4<i icol.^ s-Ai e}o]3]- «1ji7-5>^, SNR0(P)7} eftl^ x-^r cfl-§-S>ji, SRRl^r 2}?]^ - 

tf||<4 xj-g- 94 ^ °H, SNRO(P) 53 SRRl^l §>7l^ ^ 7}^ ^ 5^. 



SNR0(P) 
SRRl-SNRO(p)+l 



°4 -*UHHW, SNRO(P) ^ SRRl^r WT(1300H1 2} §H BSU200H1 iLJnslr}. iLjisJfEl, BS(1200)t 

SNRl(P)-gr ^^th ^ xl 1 }. 

£ 62] .-7.Efl5.(600)^r 4^^r(601)4 v 2l SNRl(P)^- t 3 J #(603)4 v 2l SNRO(P) x}ol2l +4t11#- e^H, SNR-gh 

£ dB^ 3.3^.^ ojuf. 371] ^41#^ SRR1=0, SRR1=0.5 ^ SRR1 = 1^ AA AA^\^: ^#(605, 607, 609H s]^ 14 e} 
T-fSl^f. SRRl-OC^ 1 ?! 605)21 7^4-^ ±.o]^7\ e-^J^oIji, rzilH, SNRl(P) = SNR0(P)<?l e^SM cfl-g-*l-T=K 

SRRl = l(e}<?] 609)21 xj^-o^ ±o]^_7} xjjr<4 .1^1, SNRKPH 0dB# t Sfc cfl-§-^ 

4. 

WT(1300)i-4-El 4^1^1 ^iLS-^E], BS(1200)tr dHEl S^^f 33. ^ >4^(Q)2l trS^I SNR# 
t SK-f. WT(1300)<4 2]sfl ^a]^ SNR-c -ilJL-s^ ^ rt l^# SW^, °1 £r ^MS] *8 Efl-fr #t}. 



5A7i?0(p)-5^1+-^ 

n&|2.S, WTQ300H slsfl SNR0(P) ^ SRR121 34-fl(Q)# jflgfl WT(1300H 2] 

*11 ^r€"Slfe ^ SNR-fr <^WHr 7\^\A. -fr£#^r ^ ^ff WT(1300)7> BS(1200H 

AA ^ ^ 9XA^ ^j* °*M*M, BS(1200)7> x]^ ^ofl yl^s>^ xj^-o^ i^sel ^flA] 

sf-^sl SNR# ^ 9Xt\] ^A. 

SNR0(P) ^ SRR14 ^*sRr tflX], ^ «>^o) tg^tfloflAl BSU200H1 WT(1300)7> ^44^ ^ iLJi#&l 14^ ¥ 
7>2l ^lS^-ol 33 # ^ 21 *l-<*|o) *>rf. 

^ ^21 HJ-^ ^ s-s] r}^ TflEl ^°11 ^^d 1i#sl Al^^oil^, 71x1^(1200)^ ^ £ 11^1 £^1^ 

«}2l- Tj-Ol ,74 ^Ol TilEl^S. ^-^SLS. ?l7fl£l4. ^ElSj-El 5>^^A4 ^^^-(1106, 1108, 1110) *}°] A A 

41^ SNR^Il *i7l*V Ojt§=# ?4irT4. ^1^-^-^ ^7}3T>^, # ^O]^ Al^-O^^ a.^^ i%>BT>Dl, n 

Zl-Zl-gr ^-°4 4(1104)21 14-E AilEliEL«-ElSl XI s ^ ofl ^ afl Sluf. ^ °-o] S.^ s ^ £ 3^ ^ 

f*H, n ol^ fe ol 7J1E1S1-E1 ^4%^^, * i^l^Tr tflx] = 01x40^ x| 3L*^>7l xtfl&olc}. n 

* ^l^fe ^^d*l -341 21*1 4^ Mi4 x>^42l ^7>oHxl ^x^rf. ol -ol^ s- 

^ Hfo]^ o,l # ^Ol, OJE^JE ^ ^foj SlsH 4, olcf. ojE^JSfe ^1^-^^ ^ S %>4^1 °1 , ^ ^ 

^"^ ^IS- A^°\] ^ ^1x5.-21^- h^o}^ ol «1 511^611 td-g-^C]-. 

n&|i4, A l^el^#°11^, ^ols s-x^ e^o]^ 7] ^o 4, oj^, zj-zj-oflA^ xl^s> £ ^ ajieI 74 

^Ol ^^1 7-121 ^^1 .71^ a,l # -344- cfl°l^X>-g-*V 4- ^ ^ ^ ofl S ^ 7J1 El S 

4-E-l ^i*^ * 34^3= ^xi^ Jixl5l7^, ^^5a^m, ^ WT(1300)fe ^1 si r}^ 4-^4^ 4^x]*v - oi^, 

AJ1E1# X>ol^ 74 El 7} »2474 s>7l Itfl&oH, g>q-ol 7jjE^x4o. S XJJVi^ r}^ ^lHl#oH ufl Si ^0^(7441)71- ^c}. Si 
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4, ^^#(1106, 1108, 1110) 44°1 444, 4 3144 At 44 4 3144 44© 444 44AS 4*4A4 4 

w>S]ir 44, 4^4 4El(1106, 1108, 1110)421 WT(1300)S4 4^ ^E|=-S4 E|4 44 4 44 *±3L h^o]p*-_ H£ 

t 44 i^l^g 44^34. olfe 4 = *14#5L444 44°1 ^o]^ s.^ ej.o] ol E 3 o,l ^ -ffA>§} E s a]jl 

4*1 A i?H 4 ^ £1 71 4 J?-ofl nBl 44. 

4 4^°fl 444, BS(1200)fe 4^-4ll A4S ^-4 444 ?ltl^St WT( 1300)71- ^7}4 4 &7fl 

4t '4 ^ 44*' 44 4444. -¥-71 -^AS, 41- #4, 4e14(1106, 1108, 1110) 4 0 l2l i?ll#^5 4e1 

A-2} ^711(1150, 1152, 1154H4 WT(1300)#cl 4^- ^E^S-f-Ei 4 4 44 4^1 4^-4 A44 4 44. 4 4 
v^ofl 44-4 BS(1200)t 44#2} Jf^^t^tlfil ^JA4^ ^1^44 :u444 ^°1^ 4^ 442} 444 

WT(1300)4 444 4 Si Til 4t '4El 4 445' 44 ^l3Ll-Sr 4*44. 5 4^°11 44^1, WT(1300)t ^4 AlSL- 

4^ SNR 4 ^lf ^ ^ 4^ ^xj°l ^7>Sl 4A4 4£# °144 ^4°l4i BS(1200)S 44 A-TI44. 

A 74 aj-SL 44* 44 4A(0FDM)# 444t ^4^1 ^ge^ *4 4^^ 7g o-6fl ^ ^ aJaH1# flsl - 4n 
4^4 A4(700)AS A444. 4*4 *4*7f S-t -«jEl#(701, 703, 705)4°fl 444=1* 37fl 4El#(701, 

703, 705)* 4*BS(1200)# ^ 44. 44#(701, 703, 705H1 4*4* 44* s%<$ i-H 44 44 4Jl# 709, 
713 4 717A a4=l* <$t\. i^eI aij- sj.ijq sflifg-^ 44 *m 4x1 43 4E** 444 flafl 4A 711, 715, 

719S- S.a1e]<H ^lEl#Sl i4^xl Hl^-i-sl Aj-^ *#?Vcl-. 7lxl^(i200)£l 3711 ^lEl#(1106, 1108, 1110)^ A 

7 oil tr^iS mI-s}. z>ol S0(701), SK703) ^ S2(705)S- SAls>7l^L %x\, £ 7^ cflr>lt1 ^ ^o\^ vj\o]^ 

5(728), 51- , °lli- 3 ^- < y.* 5(728) ^ ^ ^ s.<s 1> ^ ^ons 5(721)-°- 3711 

^ flfl^ls>ir Ifslb ^<>1?1 OFDM 41^(707)^^ 21 4*^3 ^tg-g. rz A ] eVr}. 

s. zl-zl-ol tfloJ^ ^s}^ 5J o.s 7V^s:>/l m^^, ^]El# A>o]pq rfl-g- 7^^4. SSp^ o^^l 

^ vt^i &«h °n^i^ ^°i^, 4^ ^s&°iHt ^ ^ sa^fe ^* ^ei§><^o> ^.4. 

^ ^T^oll rr^M, 4^3. 44 °l A o^l € ^ 4^*#* a^ 1 ^, °lc ^lEl#(701, 703, 705) 44°H 2lsH 

f^t ^ 51-^4. -fl ^ 4°4*(729)<=141, 4 *}Ei#(701, 703, 705)4^1 ^lls 4* 4*14 e^UW. ^-4^1 AS, 4 
^]Sfe 44 °14-2l *»El ^#(721, 723 725)-gr S%1"44, 4714, 4* 44^ ^lEll-(701, 703, 705)2] 4U4 

soil44 >fls44-. ^1^1 ^ 44*4 S-^14, ^ 4* 447} 4€- ^q^#iflsi wt(1300)<^1 44^%Iji ji^^H 
Xit 5 at 44* 5-4 44 1 44^144. °ll-i- #4, ^1e1 SK702) ^e^ 4 44*(723)* 44 ^14 

S0(701) 44* 5(731) ^ rfl-g- ^El S2(705) 44* 5(737)4 4t4. 

A 7^11 A44 4 44°1H14, 4 ^(701, 703, 705)4^1 1 ^lEl 4 44* ^ 1 4 4 44*4 4711 44*°1 ^44 
4. °ll# #4, S0(701)5 4711 44*#(731, 733, 735, 737), 444 A J14 4 44*(721) ^ 44^1 4 4 44* 
(729)* 4t4. "It 44*#5 4 4 Hi 4 4 7i4l ji* 44*#* 4^, 4 4^1 4* ^e^# 444 444 44 
*4 ^44A4 4444. <4t- #4, 4e1 S0(70D* a4 44*l-(735, 727)4 4 4 4 , 44*(73l)4 4e1 S2(705) 
si 444(737)4 5 ^44# ^44^1, 444(733)4 44 si(703)4 5 444# ^444. 4-7HAS, 444 
« ^14 4tl 4 44*4 4^ 4tl#4sl 44* 5#4 4*144. S-^l, 4tl S2(705)vflal 4 5(725H 44°1, 
444(733, 739)4 44 4^14 S0(701) 4 Sl(703)^14 44 54°141 4444. 44* 54, 4 4 54 4 4e1 4 
5#2i ^*1#4 BS4200) 4 WT4300) 44 A4°fl 44. 

44*44 n fl^ll-4 444 4*144e1 44 444 ^144 ^44 44^1 4*1 4444 "SA§"44. A 84 44* 
4 4 44*# 4 4 El 4 44*#si s ^44 4# ^1^44. a 82-1 n?fl^(800)t 4^14(801)421 444 4 4 
44(803)421 4 44 ^44. 4 44 4*1 ^14(805)4 5°fl 4444 4 44 4 B J ^14(807)4 OFDM ^4 ^14°fl 
4444. 4 44* 5(809)4 4^1 £-<$-° : 4t 44 4^a SL444 44. 4 4e1 4 4 0 ^*(811)4 444 4°J4 4 
t 44 114=1^1 44. 4 4 4 4^4(813)4 44 sfl-J 4°J4 4t 44 4^-^- j£Ai4oi 44. 

4AHH14, 44* 54 4 4^1 As £44 44 ^4 444 44 A^44. 5 44<^1 444, 4e1 4 544 44 4 
4 44 4t 44* A44 444 ?4^! 4^ sflM 44 3^344. a4, 5 4421 4 4^Hl°fl7l, 4 4 44* 5# 
4 a 4 44* A4 4 444 4444 4t 44 A4^1 4<S 444 44 A444. 

4 4 4 °ll °11 , ^1441 5#4 442IAS 4^4 A44 4^ ^ ^4^1 44 A444. 5 4^21 4^ ^ahh^ 
4 ^ 44*#4 4°41 A44 444 4^4 A44 4<8 44°fl 44 A444. °1 ^H^, 4 4 44* 5«1 4 
4* 54 444 4, 4 44421 44* ^ g>44 ^44a, 44* 5*1 Jl4^as 4447-14, 44 

* 521 44*1 34a 44 4e1#o11ai a14ei_t7, 4 4 44* ^4^1 as A>^7l-4^1t 7^401 44. 
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WT(1300)7} 71x1^(1200)^ -^^(SO)^- ^3.% 7\*\3l, SOAS-f-Ei WT(1300)S2l Tfl ^ ol^-o] a s i^xl^r 

y^SLsL 7pgsVi4. -^A>s>7ll, SIS-V-H^ WT(1300)^LSl *flv| ol-s-o] ^ol^lj/, S2^L^^ WT(1300)^1 ^ ol-5-o] 
yS ==M*|t- 3 7l-^«>rl-. fl«H, S0°-i^E| WTS2] ^3^3 -ilSl-S^ i^l^t 5^ *im 

<>l^fr 71x157, ^ s}-^! ylsll^fe ^^l- V _ol^ jE^fe 71-^eVr}. 

371] ^E^^ t^H^ s^-o- o m ^ ^_oq 7} Q0> Q1 Q2S ^ ^-cH^t- 7j 7l^ ? Vrl-. oltcfl, SOA^E^ 
WT(1300)^ flsH ^70^ SNRA- ^7^ §o| ^^i}. 



°1 A i^l 4-^*1 JjM^-H, 4=. 7ji t ^ o]sl ^ (pQ1 ^ Y Q2)A- ^ 7Jit^^-t^l a] J:-Ple i^ls(6Q0) 14 D H 
WT(1300)^r SOA^-V-E^ WT(1300)^1 v}^^^ x^] t] ^=£fr ^ SNR.fr <i^s>7l ^ sH ^ii© S 

t=S 71x1^0]! 3^^=-^ ^jsa ^s^o) ol ^7| flsH, ^ S^iJS ^g-f^t ^ &t±. zJp 

zl-iflSl o-J 4 ^ 4°^^ 4-§-^, ^-^U S-.ols* 4HJ*Hr Tjol 7}^^-. ol^SOA.^E^ 3^2} 

^TOiS Mlails>^ s>7l«l SNR^l ^^Tjuf. 

SM?0(p) = ^ 

tf^-ofl, 7jiT^ ^ ^<g. X . ol o- 7ji^s ^ sl .q. 7> .Ti^srl-xl ov^ ^ ^.jjj-ofl^ SNR^r ^Hj^l flsfl 7,1-g-^ ^ sa 

4. °H, ^ SO^ ol 4<a^.ofl 7l2*bSNR£-1 ol^ ^.g. 



^7lAl, 7}^ ^E^feSK^S ol^ p) olcl-. -fi-A>^7|l, SHfl2] ^] ^ S-O] 3^5. sxj-sl SNR ^ ^X^-o_S*l, ^ ^ 
E^ S2(^S. ol-s- v )ol^, tJjtil^o] SNR o s]. 7 l<4 ^J-ol ^^xlul-. 

¥ ^-f #31 ^0]^ ^ B|-ol^ -7-Wfl#^ Zl-4 {3/q ^ Y / Q olcf. 

SNR^-1 4^ ^E^vflo] ^ S}QJS^1 tB-g-^l S>fe Bj-'S^ S^^A>^-s>o^ xl^^l ^7.^^ Tg-f, 

«H, c-1 SNR c}^ = ^ElB-s^-Elsl t}aj^ jib^*Vt4. ol 4=^ o. SNR2C1- xl^slol, n ^ ^ El #5.^- El 

si 4^]*i£f-47l «fl&olr}. 



SNR2(P)= 01 



°] si ^^1^ s-a^ aj-ojo] (13+Y)/a oiri. 

V_ol^ s-7.j e}<?]#sl xq^el; 7-7J11 s>7l^ SRR-8: ft^t- 6 ?^, SNR1 P (P), SNR1 Y (P) ^ SNR2(P)# 

SNR0(P)°11 ^^^171^ 74 ol /}^s>4. 
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SRR2=^ — '- 
a 

SKR\ P = — 
or 

SRRV = — 

SRR-S- *MHfe ^M^- ^-ol SNR-1-31 ^-g-S^ <S^M ^ 
SJW2 = — -^rr 

SNR2(p) SNR0(p) 

SRRl* 3 = "~T~i — \ l —r\ 

SNRl p {P) SNR0{P) 

SRRV = ^r-T — r— t 

SNRl r {P) SNR0(P) 

SRR27)-SRR1 P ^-SRR1 Y ^ ^t*-5.^ ^ A 3 S t 53* t^sM°> &T=h 

ol nfl, SNRt^r SNR0(P)2f SRR#Sl 7l*M ^ 5^. 

■SAWQ(f) 



SNR2{P) =. 



SNR\ y {P)-- 



1 + SRR2-SNR0[P) 

SNR0(P) 
' l + SRRl Y -SNR0{P) 



WT(1300)7f #<H. SNRO(P), SRR1 P , SRR1 Y , SRR2)^ 7H^-(1200H lasfe 3 

-f , 71*1^(1 200) £ s)-^=-(Q0, Ql ^ Q2H1 7la*M WT(1300H ^ sfl SNR-g; <^% v ^ 5^. ^hJt^ P. 

S., 4^#(Q1 ^ Q2)* 5fe *13#(S1 ^ S2)^JfE^ ^4 4^(Q0)# $fe <j\ *V WT(1300)°fl 



tflO 20 J 20 



£ 9°1H, 900-8: ^ SO^I-H^ ^1 A H WTt 37fl £^^4. iJOOD-Br 37fl ^]^# S0(903), 

SK905) ^ S2(907)l- 51 9fc WT(909)7]- -Sj e-| Sl(905)SJfEl ^ ?> ?H3 -& ^ 

SK905) WT(909)# 3/1] ^]E^# S0(923), SK929 ^ S2(927)# S%>*Rr ^(921)^ ^E-i ^^^^-f- 

^ ^^^l ^ S0(923)sl ^43°1H WT(929)# fij-c}. 37II S0(943), SK945) ^ S2(947)# 5fe €(941)£r 

WT(949)7]- -«i S2(947)^Jf E^ ^ ?V t}£r^J3 7}^ -°- ^E^ S2(941)^ Jf^-rq WT(949)1- sl-c]-. 



#±*\7]7] flsll, BSU200H1 -W-^^lsl >H«.^H-& 
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€(901)°H tir&H £ 9i ^ B-] S0(903)iflsl WT(909)tr ^fc) Sl(905)S^Ei &L*\*\: ?J^* Mfe^}. 

°H, 7l^|^ ^?H^iH(1225)fe ^ SO(903)i5-^^-H^ WT(909)^a] £^ ^sKr ^ Sl(905)sl 31 

<>1^ ?i iiif =r ^ S2(907H^ SO^P] 53^ Tv^* Hit 7^ 5-03^ ^ s|- 

$I(Q)S WT(909)^11 ^ Sfl AL<^x|ir SNR-& *>7l^- ^-o] ^o^t}. 

SNR0(p) 
SRRl y ■SNRO(p) + ^ 



°1 -^4-, SNRO(P) ^ SRR1 X # iLJls>7Hl ^-g-sK}. 

tq-g-^l, WT(929)7} -S] E-| 7^1 ^-eoifl oixl €(921)o11 £ 9^1 S^jg -tfjg-ofl cfl s>&] , WT(929)i v-i^f- 

-H-^^l St^, 7-1°! H^^HM ^c] 7}^s>r}. a] ^rifl, 71^1^ i?ll#5](1225)fe 

$ s^(Q)S 37fl ^EM- ^*s>o^o> sjc^ cj-s)- 7 p^ *]-r}. olnqi, ^ S 0(903) J^g-E^ 

fltffl WT(929HM ^Sjfe-SNR^ S}7]2\- 

SNR0(P) 
SRR2-SNR0(P)+— 



6 1 ^-f-ofl, SNRO(P) ^ SRR2# MJl*>7lofl ^^-e>cf. 

4^1, €(94lH ^ 9*11 A cWl tflsM, W'tt949)fe S2(947)^ ^ B\ ^-^} ^l^M 9X 

A. WT(949)7> S2(947)S^ Tj^-g- w> 7 ] nfls-ofl, 7 j ^1^(1200)^: a^Jfl i?ll#5l(1225)^r ^ 

S2(947H^ tfl-§- E-flolE] € i2- = «-^r ^1 SK945)* ^e>l ^ S0(943)^7^ -^<g 

3* sK^(Q)^ 53 A4%A. WT(949H S-lsfl "3:3=1 SNR-& ^-71^ £4. 



smko(p) 



SRRl'-SMR00')+^ 



°1 c-lfe SNRO(P) ^ SRRl p # ^JlBr}7l oil ^S^tf. 

ns^S-S, BS(1200)7l ol^ol 5-qj*> gKQ) HLt 03} #11-^ ^1--°- ^^l§>t- 3-?-, oH, ^ 7}*] 7}^?V 
zlz^oH^, i^xl ^^.o) AiK^M^ol WT(1300)^^^ BS(1200)i s-<?l, ^ ^ 

71(1300)^ £ 9 HOOD, £ 9 €(921) ^ £ 9 >t(941)^ t> o.) ^ c^^ ^ofl WT(1300) 

7> ^11 9l^7.]o\] tfls].^ ^^gsirf. ol ^^.^ 2«m ^B] ^Tfl xlA]x>S7i, BS(1200)AS WT(1300)°fl elsfl ^ 

^ Sl^-. ^Bi 7j7^1 xlAlxfe ^JjEl 7^7^011 Cfl*l Jf-Al L+Bl-^r}. ^1 Vt] Mfe WT( 1 300) 7} 7^ 7 ]}^ 

°fl ^^$a^^l, TieflA^ ol£ ^E^lA^P^ H3 ol^ xl o^«. # ^12 HlS^ ^ AflE^ ^ 

Tjoi ^.r} 7>A]^ n-^fexi^ q-Bi-i ^ sirf. 7}^2«m 71$^ n i^ *m 

oil M-ISl^ Xi^-. S. 12] 7112 ^ol^ 7 H ^-Bfvflcf. ^3 fi^^ tfl-g- 7J1E1 7^711 ^1^1 ^*}fec11 -g-rf- 

BS(i200)oil p^s-fl flsHxi^ xj-g-^ q-cgsv^ ^ 4 = 7flP ^ 4^gH, tfl 

-g- ^.JUg ^lE] 7^711 7lAlx>7> 0|o11 q-OlEl^ o^^. 
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SL 1. 





SNR 


□5 ^EHS 


wt ens 


00 


SNR S0 (Q,Q,Q) 




SNRO(P), SRR2 


10 


SNRg^Q.O.Q) 


*|E| S2 @ 25 


SNRO(P), SRR1 y 


11 


SNRgpfQ.Q.O) 


*iei si m e^ 


SNRO(P), SRR1 p 



o] w o >Alo_S, WT(1300)7} <>1«1 ^!J:s>irXls. 7lxl^-(l200)^l ^ gi^l nflSr^l, WT(1300)*r ^1 

SNROCP)^ 37H SRR# % ^uf^l* iLJl^ ^ J5_7> &t}. 

<ys^ ^ At ^s^. ^ -yAidfloM, ^ -shhs*i f^R- 

^^-^ tfl^H, 37fl ^ -fi-*8=-5L c-l^SO, SI, S2H} ^*k}. ol ^ ^-ff-fe T 

£ lO^r 3 ; 4 ^ 5 ^E^* z>ir ^ -ilrdOOl, 1021 ^ 1041)* ^ ?V ^] E^ £Als>^ £^(1000)# 

itftVslr]-. -t(iooi)^ *U SO ^(1003), afll **\b\ SI ^1^(1023), afll SI -B-<8 ^3(1025), *U 

S2 ^^(1027) ^ *1|2 S2 -8-^ ^Ui(l029)# i*h?!r^. ^(I041)£r *1U ^ SO -fi-^ ^(1043), *U 
SI -fi-<§ ^(1045), *U ^ S2 -Jf^ ^ El (1047), ^2 SO -fi-^ ^(1049) ^ *||2 SI -fi-H ^(1051)# ^ 

S. 2fe ^ -fi-^l-sl ^7} *S\tf &X\ 1-^, cfl-g-^fe, ^S. 4-=- ^2] ^] 



'• 2. 







1 


so 


2 


SO, S1 


3 


SO, S1, S2 


4 


SO, S1, S2, S1 


5 


SO, S1, S2, SO, S1 


6 


SO, S1, S2, SO, S1, S2 


7 


SO, S1, S2, SO, S1, S2, S1 


8 


SO, S1, S2, SO, S1, S2, SO, S1 


9 


M ,| M 1 1 



OFDM ^l^<i ^^^5^x1^, ^ h>^o] Hj-ri «j ri^oj «l-OFDM* sa] ^^Eg^ 

rfojsv AjAi^^^^q, ^71^ ^atHfA ^ w oiAj-o] Hj-rf^ cfl-g-^ ^7il^# ^«^}7l *>q- O] 

^9] £f §, -l-o], Ajjr ^ rg /31 ^ ^ 711-1* A>-g-s>c4 ^^igr}. OJJf ^AHl-i-oil^, 

^ «J;^£l r}o>*V 7>^>c^ ^tg^cf. olEj S>^$1H ^JiS^lH^ 

^2] 4*^M ^ ^711© f - ^ M= ife 

^1-1+ olAj-ol 7*i^7l ^SH ^7l->lo] ^7]L+ 71711, ofl© ^ ^ # 

^ol-6->7l ^-5>^, ^l^^^H, RAM, T^--*--a^ zJ-o, 7l7ll ^7}^-^ nplHl E % V^ ^E ? |oj 

71711 7J«S7l-^S> 4^5}^ ^€^1 ^ 5Sl^. ^'S^ii, ^ 71711, , i£^.Afl^ ^ ^ 

711^ 5lH?lH7l AJ-S, ^711 =- ^- ol^ # ^S3s}7ll S>7l 71 711 ^^7}-^$ ^ i^*>fe 71^1 

^71-^eV npiHl ^SV Tiolr}. 



- 17 - 



^7fls-g] 10-2005-0099633 



4 7]^S\ 444^ 4 4^ ^7} 4^ 44°H4, 44f4 4 4^4 ^ 4 44 o\] cfl 4 ^9] 47^4 
£ aW 4 *H4. °m 4^#^ ^ 4^1 ^4 4t JJIS ^4^4. 4 ^9] 4^ 4 4*lt CDMA, ^ 

444 ^4 44 4 ^4 (OFDM) S/£t <3^i ^A#4 isfQ] tnf A>oH ^4 sa] 4^41 flsil AH4 

4 4 4t 444 4^ -R-^SS] 44 7l4#4 AI44 4 1^, 444 ^^0,1^0,1^^ 1151 44. ^4 ^ A] 

4, <*Hi i,^#A OFDM 4/^t CDMA# A^sfo^ 5.^0] ^#4 s^] 7H4^4 4444. 

444 44^^14, 5144 ^n^A- «- 444^, 5^4 4<>4i ^^Hl-a'DA-I-) £t 4,4°- o1 

-3471 ^ev 4471/4471 s)S# 4 S^] 4/^-t 4H#4 i44t 4^ ^tfl-g- 4^m^-4 44^4. 

51 14t 4 4^ t444 44 o_ s ^ 7*4^0,14 4014 s # o- ^3 4*1(1400)4 4 

tUS* 0,4144. 4^ ^h}S (1402) °\] 4 44 1404S 4«344, °414, 44 AJ4 a14 44e14 

IS 271444. a]^ # ^ o^o.^, r+7 ^ ^ 4 4^ AJ4 44 eH^J °14W1 tflsH JeLJ^I ^4 ^£ 
44* fl4 474]t 444 44^ ARioj - 71 a^ H44i(cycleprefix)4 44^ ^t^7l 4 

44^t aR>4 AJ^ Al^ozf 44 44 4 714AS o^Al^ A^o^ 4*44. 

44* tfr?H 1404S4^ 4^1 1406AS 4*34^1, 47)4, 4^7^ €3 4 4^ a^a^^e, ^4 344 ^ 

44^ 444^ 4°44 3* Alfli, 6)1* *<H, 444^^4 Alfl^ofl 44 zf^EWH S^^A^fir^ 
71 W 0 >A1 O.^ 71- AJlE^floU^ Sl7fl ^ AlThO.^ A]§ # ^ ^^s]-£* ^H^ri. ^^^.ftol ^ S 

-gfi] 4 ^E^oll^ ^^Elt -^<?>, ^oHl7i ^^S] 4^ <ij^. Af^A-lHfl^ ^1^ £t ^ s^l ^11^.71- € 

^ Xi^". ^ ^E^lflSl 2}-^^ 7-]^ # ol 7ji Al7V#^ <a^A.^. ^7lfi)-Hlxl^ ^Eji^H ^^1*1^01^ ±*^o] 
^« ^ S14. 44^, ^ AflE^ ^.TflS r4= AJ # Al 7i ^71* A|~g-#nK ^14, Zl- AflE^Pl Aj ^- A] 

¥7131-1=1^ S!i^. 2| AJiE^^l ^i**V7l ^sfl ^17V&<^I ^-'1*1 ^7fl*l-rf. <£&*\ 

AS, Alz_H ^ ^ AR v AlTi^oi 301^, ^ 71 a^ ^£1^^ /iTiolel- ^ *133fe ^71^ =el^^ 

# ^**f7l ^Sfl A^£l^ AlTiofl tfl^fe A17V21 ^7lLflo,l ^ y ls). E l £ * ol^ol^^. rr^M, o. S> a1^ ^ ^5 

^-^ 4<a^ <?lsfl ol £ & sol A^^l^xl^ ^ A^i ^ ^i(1234)# i^f^ S- ^ 

^(1238)S^-E^ ^^slJl, Afl<2l zl- ^iflsl s.Aj-0,1 A^Elf 4^ 511^. ^ji(1236)S^-El ^oa^. 

4^* M06df\*\ «7fl AiTi ^ov ^^ 5 u l^^, u^i moss ^m^, <*W, ^4 ^ ai 

1 V>^ =S«4. ^^1 1410^1^, «7fl Al.g. AlTVol ilcfl Aj.g. Aiz_Hi ii WSt xi # =v#^7l flsfl ^^01 

°1^^^14. «7fl Al^ AlTlol ^tfl ^-g- Al^jZf. Q*. 7§^ IS elAjlSl.TT, ^HflAi, 3^^^ Al^^^ 1406^7^ 

^ SS14. 4^* 5#2i ^yi a o ^ ^ si 4= oi fls/ i 4<g^ ss 

Afli7l- ^^SlTll § ^77^1 & Al^^oll ttl-al- HI4.0- ^1^*14. 

^iTll, £ 15 Vflxl £ 17 ^ ^S^^, r+otsl o,l Al A! B(.<g^ S Ai^^ol 3407JS Aljr n)-^ 7^4 ^ £^^0! ol 

4. 

^ «^o,i ,4^, ^-o-j^ ^aH) ajpi 4 ^pi AflEi^H 4**M ^i*^ 

A. ^ t)-<8*\ .^AHl^ollAi, Aj.g Alzi^^ Ajol cl-Ot ?V Afl E ^oll7,i -^71^4. f > -^-7l^-& 7l^^^, 

.^Sl ^^^] Al7>oH AiSl rl-o^el AJlEl^^A^ Tj^Slfe S # AfoHl Al^ofl ^ol ^4^. ^ 

*1, 44 ^"1, ^44 ^7115}-^ -4- # o,i^ ^44^ SLVEfl4# ^ 4s 4- ^71 # AfoiPi 

#£51 4.^011 rl-0 0 > ? > ol-o- ttfl^l ^7l-^«V ^ 514. ^4, 5-71144 AJ1E1 ^.fo|^, AJ1E1# AfoHl « |^ ? > o o > 

^ Aizi^si ^01 ^7fl*V4. 44^, 4 0 45^ 4*#^ ^<=H^ 4 4^ ^ ^o> ^ 7f 

^4^ ^lit =r^# 4^4711 4^4 4 ^ 4 444 4 44. 444 44 44 ^ 4^^ ^ahhh, 

AS£51 rl-0 Q >*> AflE^ Afol^l Al_ & A131- Alz># A>ol4 E^l- t *>^1 o_S S_^Z\ t- ^-71^ =el 

714 H4 44. 

4^^i p-3!4, 4^ ajie^ 4-1 4 ^^^4 tv-714^ 44AS -tvahi 4*4t ^li #4, ^ 4^4^ 444 

^7144 &*m$= 53 as 7f^44. ^4, 47l a^^^l o]?\ ^44 47144 <a4^* s 4^54^1 4*4, ^ 4^sl 
4a1# ^1*11 44^1 °41 44^ S4 4^4t11 44. 444, 4 -sq^s} 4^ ^b^i ^ a] 44 4^ 0.^4 4 

Sit 4s 4^ 44 44^1 44*>4. 4 4^°11 444, 4^_4 ^#^1 t7l44 44AS ^ # pi ^qj ^eaj-^4 A34 
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4 4114 14414, 41 Ajs 4* 41444 3)04^ 444 will ^1^ 4 4^. o^n- §6] 91^ 

(^)S441 tol^ «-^* 414* 53* 41 ^B^iflo,!^ -g-olgi-Tll It 4 s 4^ I^L 41* 7>^-5->7ll A^A 4 

144. 

AA4 A^ AS ^^^-^-Ol^Tll %\ 7 ] 44, 444 S^ol ^ Aj^ ^ AR > ^o>7,>^ ^ olr}. tfl o> 

1i^, Al£ 4^, s-ol, ^i^o] A]^ Al J^ay t}=. j^Sft i\]^mA 444* A4S. 14 

4 AA 441 44* AS7] AAA * 44. 14 4*4, As. 4* 14 444 AA 1*44 44* AS 414* 
A 411 4^ 1141 444* A 44 As 4^ 44 A A 44 A AAA 444714 4 4 AAA A AA. 

£i 15* * 411 4 444 A 4 4 1 144 2 -sqel 41_* s. 4^-1- 5144-- 4H(1500)11 . AAA AA 

41, 151 ^AA 14^* N 41 #4 4* 4^SAS AAA A 4* 1 7 1 4 , N* 1 1^4 s oj ^4. tr 15 

1 ?44 14^* A 41 Ajltl^ Afltl A 4 Ajltl B# 3X*Vs> fe ^ o]^\ ^^jo^ 7]- AjltMl"! A]* 4tlM 4^ 

is^jq^i?} ll^s ^14 * 5SU1, 444 4* llsfe 4*1 1**14 A ^e] 4^ As. 4* 14 14* 

4 114,44 4]4 14A^4 4i^^cf. AlTiolel-^^^ £3(1502)^ 41* A>ol ol 444*H# 1^41 

51 4*1* 14 144 4444. <y ^AHloflA-l, SQj & ol 44* 4J£ *1** 14 4 AJ^ A17JOH A}^^ 7g 

4 ai^ Ai7> i ifl^i 4^ 4* 44fl ai^ ai ? h1 4444. A4A 114 42 41(1504)* A^A AS.A°} A 
A, AA A^, AAAA A^AA. A °AA AA'-A A s A^ °AAA A^ AA ^ A 

s. A^ ^AA A 9XA. 4A A^, 4i 4 4 ^A *} AA*] A^A A4 ^A 4 A9l ^A, 41 ^ 44 ^ 

A Al7>#^ As. As.u], n ol-R-t A A°AA 'AS- A AA?] AA A^ls. A?} 4-^.^A. ^lA, «^(1502)^^ ^l ^\ 
4 44 ^A 4AA4 As A^ A4 ^A 4AA4 ^\AA^ ^A4, S^(1504)^ A°AA AAA A°AA4AAs^ AA 
A AA. 

A^A AA lk°], A 1(1512, 1514, 1516, 1518)^ A A^B AA^^\ S-^l AA, ^4, AS-^r 

AA^\A ^4 AAAA. A ^* 4*1 ^S^s A^4A AAA A A ^A4, 4 

A-^—S. i^fi] 4^44 4.A4A A 0 AA ^A A4A*A& 4A AWs. 4A&A. AAA, AQA AS-A AA4A AA 
A$\ H ^A 71^1^(1200) ^ AA W7m(i300) AA ?-A4 $l-°4, =l 4AA 4 A A4^\4 4A4 

4A, A A4A A44 AAA ^is^tl « 43 ■& 4 AA A4 4A4A. £ 15^11^, ^3 ^^(1506)^ A^ 1«1 

^■§*>t ai~8-s}^ ajiei A cfl^ ?i^Elb A^.A AS-m- A 1J: 4^ iSIIHS- 494*14. -fi-A>g>7fl, 44 

^1^(1508)^ A^ %4 $\AAA ^A AA*\4 ^ B4A AA$\A 41* ASA 4A 41* AS A4 4»£A 
41*4. A 1^(1510)* £ 154 AA4 ^^4^ 2 4^1 ^^°ll 4-§-44 &±-4, AA 3A*\ A44^ A^A4 4A 
A ^ —S. ^A44 91A. 

^^(1506 ^ 1508)4^1 7} ^A} 7 }cg^ ^^(i504)°fl &4A ^A AAA4 S 5 d(i502)4°11 S-4A <UA4 ^A 4A 
44 JE44 4^4^1a1 41* ^If 4*4t 441- 4444. 44^, zj- A S b4°114 4^4s 4 

^ ^4 4 41--5., ^11- #<4 € 3 d(i502)4 444 ^4 4^1 aj^^ 444fe 4i ^ 42 ^4 4 41:^a1 4*4 
4. 14 41 444^4 4A A4A 7}*]$= 4~4s. 44*4 444^1 ^4 4444. ^1^^ 4 4, 4A A4, 4s. A 
4s. AA4A 44* 4^1 444 4447] 44 4444. 

4(1512)4 4 14 AAA4 A JA 4 A 14 l 44* ASy} 44 ^A4^, 4 44* ASy} 44 B44 444 

AA 4 A 4444. 4 A 41 4 A44 44 A ^44 14 AAA 44 B4 141 414 441 444 414 1 4 
4 AA. 1* 2L4 41 A4 41 B 44^ 44 441 ^4 11 11 A1 411 144 414 414 A A4 A 
A. 4(1514)4 14 44 21 4441, 114, 4 24 44 b41 l 44* AS 4 41 All 1 44 4441 14 
4444. 1 1- 41 Al 41 4414 41 B AA^-S. 44 AS. 441 44 414 1 41 AA. 4(1516)4 14 4 
A 31 4444, 11a1 s 3 oi ajiei A 4 41 B AA V-A44 4 44* ASA 444^-4 4441, 4 341a1 
A 1411 11 ^1^ 414 4144. 1(1518)4 44 14(4)1 1441, 111, s 4 ^ i -^ors. a]^^^ ^ 
A4 44 41 A 4 41 B 44 5-444 4444. 14 441, A 44 A A44 414 A 4 B 4414 41 4-4 
s. 41 14-^- 4^7} 4441 4* SAA 444 4 44. 441 -° s, 44* ASAA A 411 4 411 44 7] 
^14(1200)1 34^44* 11 4 42 14 44 *144 44111 14 141* A 44 4s. 4^ AAA4 4 

A ^4^.s.A 444 AS 4144 1444 flsil ^ 7 }^- 4AAs,A 5 154 41 4 42 44(1512, 

1514) 4 4#(1516, 1518) A 11?- 44 AA -V-*1 44 4444. 

£i 164 34 41 4^4A 14 111 44* 4 44 ^l«if ^14*14. n 154 44AA 41, 41 41(1602)4 
14 44 4 7_H 44451, 42 41(1604)4 44 4444, 41#(1606, 1608 4 1610)4 11 41 31 41# A, 
B 4 c 441 44* ASAAAA 4444. 444, £ 154 1114 ^o] t ^1 vflx| ^5 4#(1612, 1614, 1616, 
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1618, 1620) 4 444 4444 44(1606, 1608, 1610)4 4 z\A}yJ[^^ $L*\& 4444 X4^ *4H14 444 a] 

3_4 4444 444 4444. 4 «oll Afg-S^ ^o] Z]- Ajj E H4 Aj--^ 44 Qo] 44444, 44 

444 44 44 444 4*4 *n, m 44 45 ^4 4^*1.3. 454, ^4, ^1 ^ ^ 5 44 44s. 440] a^ 

S 44 Kfl, 4l 44 ^5 Ef^ -^-14744 4S 4© 4 44. 

£ 162] 4444, 4 4S 442} 41^ AlJLir 44 ^442} 44 £^-1^ 4 4444 4444 44S 4 Aflt^ 
44 44444 ^41o) ? lr]-. HL*1, ti|l^ ^4^444 *44t11 44 « 4S4 444 33 -°- eg 1 620 44 A} 

4444 44 44444 44. 

£1 17* 44 4444 444 4.4- 4444 iJ^«S 4 44444 444 4 44444 4444 51 1634 444 3 
711 44 444 S444 4S(1700)44. 15 4444 P1 ^ P152I 444 17 44 44 SAjsjol 4^4, 4 44 

4* 4 o|oi 4 = 44 44 444 4*44 4*4, 4s 44 44 4 44 4*44. 444 43.4 444 44 

44 4 44 4444 4*4, 344 4S 4^ 44 A171&0] 3E43«H 40. 4 4 444 4444* 4444 4S 4 
S44, 44 44444 4*44 ^1 AJ4 ^Tj-ofl 444.0.^ ^444. 

S 15 4 £ 16^1 44444 44 z| 1(1712, 1714, 1716, 1718, 1720)21 4444* eqj s # a}441 4->H 
4, 4 S 44 44* 4 S 44 444 4*4 4 44. 4 1 44(1702)44 444 44 5*1 5/11 4 ^ 4^ 44 Al 7i# 

4 4444 ^A^4 SA^H 444, 44 44 Al7i#ol 444 tffl, 4444 4H zl- 4444* H^p. 

s 44444, -^sJ-fl- -^-71^ t^-o ofl t 4 ^3 g ^l?t#g- ?>t ^is ri-^ aRMI ^.^ls rfl-g-U- SI 

C}. 7^11 Lflxl 71U5 ^^]f PI ifl^l P15 4421 4^ Ell«J]^ ^S^Hl SAlEl^ ^r}. ofl ^o], ^ ^ sj.^^ 

Pi ol4. £. 1621 ^94. tj-^ ^ o. # 6flA^ aIjl 4= 4^ ^M#oi XI^SH, 4^21 4^ sfliflSol Xl^^ ^ 

S4. £ 1721 si# 1(1720)* °1& 4^* -ilSL&fil 4^1 eflt^l 44 ^b^-=- a, B S C 44^1^ ^ 5# 4** V4 4 
^1^21 7^^^ 44^1^, *lfe 4 ^*<^1 o«14. 

n 18* 4^. 4* 4 4 t-A -??-4 10711 4s 4* *#4^14 4JH-21 4*-& n44t- ^1-H(1750)1- <i4 44. 
JF. 1821 44^114, 4 44^ 4s# 44^71 ^sfl 0*1 4-8-44, cfl°137> 4*=lfe 4^-1 ?1U £4 »4 i-4 fe* 4^ 
21 4314 4^1 ^1^^1421 44*-& 4e}471 ^*fl i«l 4*44. Dfe a, b 4 c ^ 4421 tfl«ltlsl 

<^4147l flsil 4S(1750)°11 4*44. c-lloiE] Ajj: Dt ai^ x ^4 4^ sll4°114 *4°114 ^4 

^as 4*sl^, 444, °1* ^Eltfls] 4^*4 444 4^4 444^1 4* 4 44. ^°m*= ^1414 ^4 ^14 44 
£ 18611 5^14*1 4* 44^4 S-#42q 44°114 4444. * 4^21 ofdm 4^HH14, 4^4 

-a] EH 4, °1 B J 44^91 c-floiE] *#* oi-i-o] 41^ ai m ^. ? i^-s>7l flsil 4*4t *#°ll 3)^71 nflS-^, 444 
S-#4 444^1 ?4-fe4. I9fe 4 44 4^=1 fe- 71^(1200) a 444 4^4 4s#* ^e!47l ^ gfl 

44 447l# 44^41^ 4^(1800)4 <11444. 444 444 4^1-* 444 ^°1^ 44#, 4^ 
s ^ 4^14 444 4-13471 fl«H 4*4 44# 4 444 4 J: 4^1-4 44 4^14 4*S4 4 4t11 4t 434 4s 
4^ 44 4^1 &114#s 44slfe 4^4 4v_#1 4 44. 

4^(1800)* iE}s ^n(i802)^14 ^144i, 44 431 1804 4 1808^14 ^144t 4 7fl4 ^^1 44 ? i 

-3 44. 4 71121 ah ^^m^t *im 4 ^- 4^ 44 4^1 ^14#4 44 442I 4^4 4^#*1 41 414 4 4 * 
4 445R ^*on^ ^i^, sl4, 41 54 4*4^ ^?4^a^ 444°1 44=414, 4s 4^ 44 44 44# * 
4 4s 4* 44 31414: 4*44 4*4 4 4 is 444 4 44. 

44 180444, 44 4471(1300)4 41 444 4^44 B 441?4^ 44 44 Pis 4444 41 444 43:4 
4 4 4 44 4 4 4s 441- 44 44. 41 444 43:4* ^4 44 180644 4*44. 44 180644, 41 4 4 
44 444 44 44 41 444 43:44 44 a.^4 a\^}^ 4i 44(fD4 44 4i 444 43_4°-^44 44 
44. 44(fD4 44 444 41 4 4 44 444 4* 4# 44, SNR 4 ^4 44 44 44 4 4s4, 44 41 4 
44 444 43:4 4444. 44(fl)4 41 44 44 444 44 4444 4, 41 4-44 43:44 4444 44*. 
saI 4^ Ajp_ «]/P f fe 4^ 7g^ 444* 4*4 4 44. 44* 44 1806A^44 44 1812s 4444. 

44 44 4444 44 18044 4 4s 444 4 44 44 180844, 44 444(1300)4 44 44(P2)s 444 
4 42 444 43:4 44- 4 44 4 44-^- 444 444-~4 4714, P24 P144 4s4. 44* 44 181044 ^4 
4*4 4 44 42 44 43.44 44444. 44 181044, 4 4^4 42 444 43.44 4*44 42 44(f2)4 
44 42 4-44 43l4Ss44 42 44 44 444 44 4444-. 42 444 41 4444 4s4, 44s 42 4-4 
43.44 44 as4 4*444, 44 43. 4444 4444s 14 a s4 4*4 4s 44. 44 444444, 42 



- 20 - 



=^7fl44 10-2005-0099633 



444 441 ^3 sit- 412 44 44 444- 44 411 ^-93* 45:4 tfl44t SNR 444, 44?- 444444 t 4 t 4 
s 44 st, 4# ^ 2 40-4^ a]^o,1 tfl-g-sft 4^ 4^)4 444014. ^4^ 4^1 1810^44 44 

1812S 4S344. 

44 1812°H4, 44 444(1300)t a}Jis4^ 44 o^o} aji^ ^Tfl^ofl 44 44 447} ^ ^ ^ /Pf fe 

444 4^ 4 4 44 444 S 4444. 3*1 431 181244 4^ 4 = 4-g-*H, 

44 181444, 44 444(1300)4 <4i 44, X 24 «^ 14 ^ 44^ cfl-g-s-ft- 44 7l 4 1 44 44 

444 4(1814)4 44444. 4 Til 1806 4 1810A^444 4l 4 42 44 44 44 4 44 1814^-444 4 ?fl <jq 
4 44-4 44 4M°1, 444 44 44 1816 4 qzfel, 4^ 444(1200)SS 444 4444. 

44 18164 44 44, 44 44"4 444#4 134^4, 44 *1 444 & ^ 1 £ 42 4 4 44 xl, A] 4 g^-^ 

4*4 4 44 tfloj-^i xj^4 Sa^H oi^, 44 44 4^4 ^44 s-^j A^^r4. 4^. 

44 182044 444^1 182644 ^444 Till 44 ^St 444 ^^_ 7 f 4:4 4444 ^_o. # 4444. 

1=3: Til 183044 44451 1=1- 7]1 184044 45-4t 42 44 4 ?-t 4^ ^41x1^4 444 4^ 444 4444 

44 A^-g-Elfe ^ -foil 4444. 4444 DflAlxlS.^ ^ gflAl 5Hi fA] tflAj- S-Xj 444t 4^44 £4 

44. 

44 18204 4, ^ll 44 #4 444 4^ Till nfl a] X|ofl J§^4. ^Til 1822^1^, A2 4^ ^1^-4 XI 

1 ollAlxHi f^^c]-. cl-°-^l, 1824^31^, 7^731 9]^} ^}^}^\ XI 1 Xl^xHl -f-^-^c].. ^1 ^l^l^lt n^, t=4t31 

1816^1^, <4l# #*3, ^^1 ¥^3 7-3^1 Tin DilAixi# xjif 6 ? _^ 71x1^(1200)^11 f-^3^c}. fit tq-«g=^ ^aH] 

°31^, iLJlS-1-71 ^Sfl A^5]i^ Tfl^ 4^9) olAj-o^ xl^- A] TV ^A] ^7lSS-?-E| A A 

^(1200)*-SS3 3^^^ Af^sf^ ^Sj^.Cf. ^Aj ^^7lS^ Al ? > 7d-8-33-S3 S^SAi Sfl ^ ^ 

4^- Ji.Ti*>7l ^3sfl AV-g-sM, -aiEliflsl cq-^ ^aj ^- 7 ]^ pp.t ^ ^-23- 

^-8- A>-g-^ ^sfl SI ^^4. E£SV, sxj xj^ # f-Al^yl ^fl^°l ^^-^1^, 5t 

^Pl^t4i- q-Bl-lflt 4^ £t ^Ut3#-& So] Al7> ^l-lflofl^ ^I-Ol 

^ ^ S!l4. ^, 71*3^(1200)^ %^ TiH ^^o,ia^ xi^ $^o] sl^ AfxiAiai^ 7 ^o> 

#4, 2 «3S %A fl^l -xlAl.xf g^ol oloj^fe 7^12 #^ ^Al7V q-El-^r^ ir^M, ^ 

5 d X171AH- g/£t- ?i*^7l fleii A^sit ^^n, oii-i- & oi, sUn ^sun^ ° 0 >oi ^^^^ ^ ^ 

^ ^731 1826°31a^ ^S.h1_ti 1-3- oi, i 8 04 ^ 1808.^. <^71a3, Afl.^ s)-^^ a]jts 

°31 tfl*V Al^ ^xjol ol^o^uj, SSAilit aRHI h}^* *l^r#4. 

^731 1816^1 F_a3^ rflo]-^ x^^ ^.^.ofl cfl-g-4t ^Xl 1830<^^, Xll ^"4 4^14 Xl 1 ^l^xl, o)l# s.^, 
t^^I 1832°31a3 7lxl^o.s ^ ^*=1>H =lt ^]3loll f-^4. \+?3l 1834X1^, ^2 a1a1x> #«1 ^2 

031^14, °311- 1-4 ^4 18364^3 4*^3 1 ^1Ji4 -^4. ^^31 44 4 ^1^1- S:* 4:731 1838°TH 43 DjlAlxlifloil f-^- 
=14, °lt n^, 44 184044 71^^(1200)4 4*^14. 44 182644 4*^3 "11444 ^4444 44, 4 

4 1832, 1836 ^ 184044 444t 4^ 44444 4^4 4^4 444 4444 44 444 44 4-^4^44 
^•f444 444 4 44. 444 44 1840^44 44 1804 ^ 1808S 4444, 44 4^4 4^-4 44 4 444 
(1200)A.^4 4ii4 Ji-Ti 44 71- 4 44 4 4 4444. 

£i 204 44 44, 444 4J444 44471 44 44 4^4 44471 44 4 44 444 444^, 4^4 4^4 
44 4 4444 44, 4 444 4^ 444(BS)4 4444t 444 444t 4^44 E (1900)# £4^4. 444 
44 190244 4444, 4714, 7144(1200)4 4-44^ 4444. 44 190444, 44 44 444(1205)4 444 
4444 444(1204)t 444 4J:44 44 44 4, 44 44, 11044 4 44, 4 4 44, S04106), SK1108), 
S2(ino).v. 444, ^>4444 44 444 4 444 4444 4444 44 p.?. 4444, ti44, 4(1104)4 44 
#(1106, 1108, 1110) 44^-^4 444 444 444 444 &44 4S4 4-444 444(1106, 1108, 1110) 4 
444 444 Slm. -3S-44 4444. 44 1904444 444 444 444 444 4 44 44 4^(1236) 4 4 4^ 
(1238)* 4444 444 4S 44 4 44 44 4H(1230)4 4444 4 e 3^4. 444 44 1906A^ 4^471, 4 
44, bs(i200)t 44 44, 4 4 44 444 444 4s, °114 44, 4i 4 42 4 4 44 444 44 4 44 4 4 
44 J£44t 44s 444 44 444(WT)(1300)s44 4 44444 4444. 44444 444(1200) 

4 ^44 44 4^ 44 44(1260)4 4444 4^M4. 44 190844, 4444 4 4 44 444 4 4* ?-4 
(1262)4 4444 44£ 4 44 4^ 4^ 44 ^4 447)- 44(1250)4 44 44, 44 444(1300)^44 44 
4 44 444 at 444 4444^44 4444. 44 444444, 4 44 44 444 44 ^414 444s ^ 
444. 4^ 444444, 444 44 44 444 444 WT(1300)^444 44 4444 £444. 444, 44 
191044, 7144(1200)4 44 4_fiL 44 £4(1264)4 4444, 444 44 44^44 44 4ii, 44 44, 44 
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*H&\ -giflsl 3 3131 rflfV JfA-i ^71(1300)21 44t-444t 431 34 343- 4444. 3 34 3^-t 4313 
313334 WT(1300)3l 34 4*444, 44 44 347} S^-SKr 31 3 3 4 3] 3^44 3 44 4 &4. 3 34 

4-&fe WT(1300)7} ^ *^3l £ife3 44© 44^. 3- £U>-4, 3^ 33 3 313 oii^l^- ^ s^, ^ ^ 

33 43^*3 ^* 33^-3 34 3-3 3^ 3-^°- «>3i4t4-i- 444 4- 44. 444 i^its^^ 4*4 43 

331 3iife bs(1200)314 ^3 331 33 3i4i252)3H 7-13-^3-. 

431 1912S 434(1200)4 33^ m 4 312 314 44 343 2^(1250)^44 34 43 44 44 

(1226)3 4443 43 311 4 312 34 #3 3 37} &t#(1250)3 43^ 43 *4 4471 (1300)31 4 3 44fe ^ 
tfl 444* 4443 33 3_£l3- 3^ 33-^lP] o}_g_ cgAisinf. c!3l 1914313, 333- 7^3l#3 51^(1225)* *4 44 
71(1300)1- 3 4 i31#3 43#4 4*34^4 4E 431 191631^, 3 3 3" i31#3 (1225) t 434 SNR31 

33543 WT(1300)# 34 43#4 4 e 344. 3l# #4, BS(1200)fe 444fe ^-3 31 31 4 3133 3HE# 3 6} 3 
^ 347}^ 3144 24sfe WT(1300)3 444 SNR* 2;3l4fe 44 43 Ell Its 3 4#43 WT(1300)3l 3-U-4 

^31^44. 4M 431 1918313, DS(1200) ^1^4(1225)^ 44 3 31 A3 3ii(1252)31 32§}3 
WT(1300)# 34 43#4 4 e 344. 3l# #3, 34 3 31 4^31 ^44fe 3°-?- 444 WT(1300)3l 31 3 , 334 
(1200)* WT(1300)3l 34 3ln4^#4 4443, 43 4443 44 -34 3l-^4s#* 344 3* 43^ 3-3 4 
fe^. 431 1920ES 3*343, BSQ200) 447lQ205)fe 4i:# 4444, 3 31* 14, 444 3"3 335L fe 

7fl3 ^3 337f 3;#a250)^3 33^3 3# 3-3#^-l-^3 3-3 wt(1300)31 ^3l#3 3^33 
3^3(1228)3 3fe3-3l 3^-3(1214)31 3*11 3^33 ^-1-^3 3133© ^3-3- ^ Si3-. 

-^3-^ 3:31 1920A^3-3 3:31 1904?- 3-3^3, 3"^ °l 3:3-33-. 7l33-(l200)3r 3^33 713:3-3^1 3:31 190431 
3 3-^ ^13 €3 3- ^133 ^3^ « 0 >3-^s 4<a* ^]^#* 34rs>fe 3* 3-3-^3-. -^3 3-, 3^ 4# ^-a tir^l 
&(1300)£ ^fl3 337f ?t&(i250)3l 31H ^ -*3^ 3 31 33 3^(1252)# i*^Vfe 3133&* ^--3 3-3:37} 31 

# #3, ^r, -B-^l, ^*>fe -5-3- 37M-31 nj-ej-, 3 .^. 3-^ 33-s. ^/ p F-fe 3?- 3-^- ^13E#?- 3*«: ^ 91 
4. 

£ ^r^l ^ 3-3=?!- 3-^ ^ si-3- ©i^-ofl 3-^ 331- 3=^^?.^ = ^313 ?F-fe 3-^- #3 

# 313^3 3*1 33l^*S7f^^ ^Egs #c>1> ^he^o^ fitt sfe 3^#* i^-si-fe 31^3, r)±=± 
1- -o- ^ 331 ^-^-7l-7??V 313131 333-. ^ 3"^ ^ 333 3-3>*> OFDM, CDMA S 33- -fi-^ 
3 f-^I 3^^1-# 33RV3P-?- i#3-fe ^«J3?t ¥^1 ^f^-^ ^ %13-. 



1. 

3-3 3^3:331 3 3 4^-33 3* 3 3 #3 £.s> 3"3^3, 

3U ^33 ^]sSc# t^33£^ 3U 3-3* &3 3l^-«fe 3U 3-3* 3^3 33" 31 3^ ^ 33^ 43-# ^3 3 

3 3£ 3-3 3U ^33 ^1^^ 3 3^^3 ^f^-sm 31 1 3-^°fl 3-3- 3" 3 31 1 3^33 ^^£3-3 31 1 33 #3 
3 37f ^337lfe 3-31, 

3U 33 #3 337} 3#3fe 3:31, 

312 ^33 -3^^* 1 3^3?13 3*11, 312 3-3* S-31 tfl-g-sfe 312 43* -35:3 A3" 3 3^ 33s 3-4# ^ 
3 3* 3-31^73 A o > 7 ] ^1 2 3-3* -3s:fe 3-3 311 3-°^* ^15:3-^ 3-^ 3* 3-3# 3-3 43 3-31, 

33£ 3-3 312 ^33 -3«4 33 3*^-b 312 33^31 44 -33 312 ^33 -3 J^J5-S*3 312 33 S-3 
337f 3c# 4333fe 431, 4 

312 33 43 3 37} 344fe 431 # it^fe, 313 43 43. 
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^^8-2. 

711 1 4°11 swi, 

^1 4 ^2 4114 4^# ^ 44fe ^1 sL 4^ 4*44r ^ 4]3:(NULL signal)*?], 4 <4. 44 iLJH 4^ . 

4 i 4°ii ssm*i, 

4l 44 #7l ^1 AlSL ^24^4^ ^A^j- 4^441^ 4^ *U ^ ^2 444 : 

* 4JL# ^ ^4|£ «Wo| i^-jel 4^-l# 4 7 iJ4^ ^l-^m i44^r. *fl^ ^xj 4^. 



3^ 4. 

^ 3 5SM*1, 

^112 44°ll 444"7l ^12 43l ^^gl-AS^-E^ ^12 #4 *144 4^441^ 43lfe #7] 4}2 444 

4°^ 4^1 ^44 444 ^^Hr i%Vsfe MJI 4Vi 



^1 3 4°ii £M4, 

>H2 44°ll 44 4"7l ^ 2 4«AS4*H ^12 *fl4 #4 ^|Al^ ghfr ^AflAl?]^ 4^ 4"7l »12 444 4°e 

S- 413: 2] 41^ cfl 44«1# ^§Kr 43l# 3E44-b. #4 jiji 4^. 

*fl 1 4°ll 4^4, 

afll 44°11 44 471 ^1 ^4 4 ^4^4^ 41 4 X A 44 ^144 44 4^44]^ 4^]^ 47l 41 444 4°d 
S- Aljr °} A] ^ tfl 4 7 d4fe 4?11# it3}ir, ^44 AL-7I 44 



^^8-7. 

^1 6 4i 444 

42 44°11 44 471 ^12 4^4 4Jl4*-^4e1 ^2 ^4 #4 *414 44 444^ 4^ 47] ^2 444 4°^ 
4 43:^1 41^ tfl 444« 4^4^ 43l# 3i44^, #4 44 



3 ^8. 

Til 1 *<H1 £414, 
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#7l »| i ^ Xl2 sl-^* AHi *# ^#=ltr, i 3 -^ Hj-rf. 

XI 8 #X1 5a°H, 

#7l xll % 42 A°A^ tfl-S-sfe, *im -g-^ MJi 

^^J- 10. 

xi i #xi 5a°i^, 

#7l Xll 31 42 3}-^^ ^ A|?> 7l?> ^-<£ ^#^U, #7] afll *J Xl2 7.^ C}^ ^r^^l ifl 

-g-^Kr, ?m #s as 
#^8- n. 

4 l *<H1 £M# 

4 1 xm x- 

#7l XI 1 *W XI 1 ^H*H ^A^lfe #Xl, ^ 

^ ^ #7l XI 1 XHX# ^*K=r <2Xl# S%>SKr, 4^ iLn H 0 >^. 

^^8" 12. 

x ii #xi sa°i^, 

#7l Xl2 *1|\§ ^HX; ^*Kr #7^, 

#7] 7112 XI ^ X^IX" S;-°-#7l Tfll oflAl^H -f-tAl7|t ^7^1, ^ 

^ ^ ^# ^ A oM XI 1 XHXiflXH tfy] 4 1 * V ^ aT- :/ ] ^ 2 *fl ^ ^ x] A] ,x> ^ ^**Kr ^Xl# S 

4^ iJl 

^^8" 13. 

xi ii #xi &<x^, 

xi i ^« #jl&-& «^M?i7i fl«n xi i ^-93^ -^iji-i- ^§>t- ^xi, 

XI I XM X#X- ^ «Jr^A^l^ ^xl, 

#71 XI 1 4^^^ X^IX; 41 XHxH f-#A]7lir #X1, 
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44 44 4§ll 4^1 Al *1« 444^ 4 Til, 

412 4Jl© 4^44 43], 

42 44 *M* r 44 «J444m 431, 

^"71 »ll ^H^fe r}^ ^12 nflAlxHl ^ ^2 ^ 44 xlAlxf ^Al^lfe 

#4 44 Ai- 7l ^Alxl-l- ?144t 4 71144 4*34t 4 Til 4 S444 ^114 44 S 

_t?_ 4^1 . 

^ W 14. 

41 13 4<i %M4, 

4?1 4^ 4 4^ 4?]1#- 44 4 S 34^«1 a>Ai)^ nfl-g- 444?1 ^sfl 41 1 sfl4 #4 & 4 aj- 7 ] 

4l2 *M 44 *H*r 44 ^44^r 44l#4 47^ o.s. 444^r ^4 ^ 5i44^, #71 »| 2 414 44 

S#4 A 1441 ^ 444 4^1 (interleave manner)*-^. 44=1 ^, 444 44 MJ1 4*4 

15. 

4 14 441 4^4, 

44 444 444 -8-71 4ll 4 4l2 4Hxl## HtflS 444^ 44l# S^-fe-, *fl4 #4 TiJl 4*4 

16. 

41 13 441 5A°1*1, 

^-7l 41 4H*1#4 ^ gj.^ 4447] ^a] ^n^M-gr^H-^-^ 4*4H, 

^Alxl^^ 44441 iflSfl ^Al^j DilAlxl 4^#£ M444 4^ ^ ^ a] x] sfl ^ # ^ iJlg} 

71 n°l*> ^ ^4 4^. 

3^8" 17. 

Til 16 441 444, 

#4 4441^ A o > 7l _ Y A-1 r+^H °] Sfl A}-«-4 7l Sfl 4 § 4 Al-^4^4 ^ g 4 ?> 4 X 44 4 44 ^, 44 4 4 
44 44#4 444 4^ 44 444#4 ^-71 Aj^- Al^V A>-g-^> fe 7j 4 HM*Rr, #^ ^-Jl 

18. 

Til 1 &<>M, 

^-71 ^P-AJ ^-71^ 4 Afl E ^ 7 l- S # Sl A>-g-S>fe ^JjE^S)-^ ^S] 7,11 AJ1 E ^1 tifl^S) .T7, 71U ^Aj^ A]^^ 

^^^17171 ^gfl 4li 45LS1 B ^Jff ^I^IE 4^4^ 471 4?fe 
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^7] ^E^l «P1^ ^7> 7^11 S^*^ 77.5^, A o > 7 l ^ X 1 J ^ 7 1 ^ 7,} 

-8-^1 sWHr ^ 4-8-^, cf-E £^Kr *R> 

^-71 Tin 4^ .yj: .0. ^1-=- s^t-, i2 

19. 

^-7] rf^ Sj-QJS A] Jri. ,J Ajjro] J7, ^-7] A ]? J- ^ ^-7] CfS Tjjr^ ^^ 7 | ^ Sfl Af^-S] Aj- 7 , 

4^ 4^14^ 3R-}^r Xfl^ MJ1 Wj- 1 ^. 

^^3-20. 

all 19 *<*fl 

*l|2 ^^5] ^]l2lt U:^^7l7l ^fl 7112 3}-<a^ A]J^ ^ h] ^3. ^ ^ E S>L^-# #^*Hr ^7l 7112 ^7]}^, 

Aj-71 7lU Tfl^oll Hfl^ -y-71 7112 7AirH}7} ^Sfl Aj-g-El^ Sj-fl 

2 spd* ^Jl ^^Kr S^Kr, ^ ii^ H o V ^. 

21. 

Til 20*<H1 

Till «J 7112 -Ajjr o. ^ AH 1 ^^El^, ? .flV3 i2 

Til 21 «J-^1 &<>H, 

'^71 Al7> <^IEl*V Al^^tr ^^-El^l o> t ^3 SAj-oll^ - AlSl Sl-^-i- AI-7I £-03 A] ^ofl ^-7^-- 3 & ^ i 

%>*>J1, ^7l ^ AlTi^ S>M-Sl ^]^S>7l ^Sfl Wslfe 4]* 7l ? }ol j ^ ^ 

3^*8-23. 

711 18 SSL°1^, 

^H-7l7}^-7l Till 31 7112 7ls*>^ flfl^lSlir ^ E^ ofl <^ ^ £ ^ ^ ^ 7fl ^ d]Elto| cfl *V *A) ^rt 

71 a] Aj-tfl 0} cj7H# ^ i^Kr, li W 0 1"«1. 

3^ 24. 

711 23 4^1 7i^7i, 
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^ 4^. 



^^8" 25. 

4 24 « 0 hi sa°i^, 

4^ 4^ *fl£ ^.7j 44 «a| ^^717} >02 7^4 4^1 4* nfl ^.r} ^1 Mb\ ^7]} 4^1 44 nfl ^4 

4^, ^ iLi W 

26. 

4 18 ojo^, 

*Hl ^ 44 7} 441 W7l7> 43=1^ ^4 3 44 43 3 *fl c>143 «143 444, ^ ^ 4 



3^8" 27. 

4 18 *<H1 &33, 

42 a] J: ^4 ^-im 33°1 4M 42 S-^H 4* 7i*4^r 3?i ol ^o^xIji, 

^7] 42 ^ ^71 42 S4H W 4 ^71 €4 Zj-*W 3*V ^71 ^3 4* ^4 #7l 42 *4 

^ Aj- 7l -Ol^ ^4, ^ -4 Hj-Uj. 

28. 

4 18 « 0 H1 5SL«H>H. 

43-71 4Yl^ 43 4333 4* 33 # 3333 Y14 .xfl4 #4 ^# 3"g"3^ ?H 3 ^-71 43^, 

43-3 *m ^ 42 33 #4 337} 433^4 344* ^3-3 3 ^ s 

33 Y4 33333 44^ Xlsi 3 43"3* 3333 Sfl 4^-4 43 9] #7] ^1 £ ^2 ^fl^ #1 33 

X} 4#^33 433^3 3^44 ^Al7]ir 43© 5^43^, #7l 4 44 44 4^0} ^7] 43" 3333 33 ^ ^ 

£ 4 33 a^s 4^ ^ 44 ^44 4^ 4^, 44 = 4 MJ1 4^. 



^^29. 

Til 28 %H1 sa^-H, 

43-71 4 A d 4^7l^Y-t1 441^ Tin ^ 42 .-114 #4 7]a14 ^s.o 1 a-] jsL 4= ^ f a>44^ 4^4 aj- 7 
44>4S4 74144 44^171^ 471 4 Tim 471-^iis 444^ 4t11# ^ S-^\^-, 
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°A <H2 l]^ 1 1 'l^l.xf ^yo] A]^ v}^ ZT-ZV^ Till ^ all 2 4l-&#7 

43^ *1 *M ifl-g-sRr, ^ ^ lii 



^^8" 30. 

s} 1 ^^ 4l5^# t41*}71 41 sV ^^]7l , 

Till ^^51 ^lillt «J:^H7l7l Tin sj-QJ^ a}J:°1 a}^ ^ ^ - ^ E ^^sfji, ^12 ^ 4l^gl# 

^-71 afli 4lM^- °4J§1 °-£.x\ Aj-g-si-ir 3*111 ^^Ml n+el- ^7] ^1 q^jg 41^^^ Till sfl^ 

*H*t- £4^1^, ^} »12 41«t4 4H ^12 414^1 ^ef a o > 71 >j)2 Aljr^ 

*-S^El 7^1 2 ^4 3l# «HH?l7l <^*|- 7.^ 7-1 A^f # H H fl ^ 

43-71 71U ^3 7112 ^ 717,1.7)- £&ft7] ^SV ^#71* i^Rr, ^4l ^71. 



^if 31. 

*(1 30 4H1 

^"71 Xfl^ T-l^l^ a ^ ^njo. ^- 7 1 ^ U ^ 2 ^A]^l AlJrS- ^ a A o]^ ^4l£ Sf-flJ 



Til 31 4H 9X°]^, 

^-7} *fl^ #^ Si- t4!3 ajolSL 43-71 7112 4^4M 41^1 ?_*3-sl ^4M ^*KE*r 43" ?1 *] 

el ^i* ^oisi-71 ^7H«l ^SS?1H ^4!#* i<a-*fe. ^4i ^7l. 



Til 31 4H1 &<^, 

4i7l ^ & «^ A o > y i ^ 2 ^41^ 4131P1 Ajjrtfl ^^-al# ^1 ^1^1 #*1» 4 

^*l-7l ^71^191 iHS^H ^43#* d 3L^Kr, Y-4-1 ^71. 



34. 

Til 31 4H1 5&<H*1, 

4>7l ^# ol*l- Al ^ ^ 7 ^ A]A} ^ 71U ^[X\X\S. nt^A]7 ]S m Oft A]*] 

*lfe, ^41 ^71. 
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^^8-35. 

*ll 34«<MI 5Wi, 

^A AAA jy.^ A o > 7l ^ U ^AlxMlo,! A Q V 7l ^ 2 ^flwj 3£*>^ir, ^ A:AA. 

*n 34«j^i sa^H, 

■%7] AAA £^ A 0 > 7l ^ 2 5fl^ xlAlxf i^i^ ^2 ^Alxl§ ^^Al7l7l °rlSfl 7] Tfl # ^ ^ 7] 

^^37. 

A 34 %H1 ^o^, 

^A]^ As^S-A-A -S] El 7J 7^1 oil cflsrU -S-tfl^o] n A j rJ^ 7 jo} 3 *j a ^^§f 7 ] ^A} _ 

^^&38. 

*il 37 5a°1^, ^A AA *1 w iA s.^^ %A Ai AAA^A $\A ^Mt s#§Rr, A:^A. 

*$^Ht 39. 

AA^rA °J.A*A 

^ ^t7|s^t1 ^ E =l 7l1al ^ ^ xi^ixf ^J^M ^A]7l, ^ 

-^7] ^A ^t7HH ^sfir >tl±L cfl ^-g-«l# A:A^YA A A ^A?} A~A^ AA^- ^ AA A^- A^ AA WA 
AAA StsYt] ^WK 7 ! A A: i*H^, 7lx]^. 

all 39 *eMl &<H*1, 

^■71 AA± A- A A A^- A^ AA^A AAA- A l ?H1 ^l ^ ^7H °l§n A A- A A A^ A^ A- A 

As- nAA-A cfl-g-^Ji, *7l ^ snq^ ^-71 ^ 7^ ^ ^-A AAA tt^A A-AA, AA^. 

A 40*<H oi^Ai, 
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^^8" 42. 

XI 41 « 0 H1 &<H>H, 

#71 ^Al ^yj- 7 l^«-^ ^cg ^Alxl^B^ #71 21 o^iz =L 7 fl 2] A^ r}^ ^fl £ ^ ^Ht^l 

^3 ^8- 43. 

XI 41 *J-o)l °X<>\^, 

#71 ^ T^^lS^-El ^ ^ 7 flSl riflAl^^S^-El #71 ^ 7flSl ^ S ^ *fl ^ ^#^> 

71 C-l i^Sfe 7lxl^. 

^n 2 -"^- 44. 

Til 40 * Q H1 SWi. 

4^ ^Ej ^iflofl XI 2 7^1 0,1 cflsfl Aj-ufl^o] « ai ^7le1 flal© q-El-tflfe sflid *M*}- ^ M -r^jsl-71 

3 a^-si-fe, 7i^i^. 

^ 45. 

Til 40 *cH &<>H, 

^lE^#iflsp^ 5#-°l ?I* 0 1 *fls» ^-g-s>Ji, zl-/Hl^ ^<a$ ai 

?H1 fl*^^ -5-7|5l« W 0 >A1 Zj- ^EimS S^.* AlJr^° ; ^*^l7l Aj-71 Ajl ^ c^jg # 

7l# Cl 

A r3-7l -Y-A] ^^71^ A o > 7l - 5|-4v)Hl H^lEl^r, 7lx^. 
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npneMHoe ycTpoifaTBO flnfl nOflBM>KHOpi 
CTaHL^nn npi/iHMMaeT CMmanbi, nepeflaBaeMbie 

OT 6a30BOM CTaHL^MM, MMeiOIHeM CpyHKL(HK5 

KOMMyTi/ipyeMoro no BpeiweHU pa3HeceHnq 
nepeflann (TSTD). B 3tom npneMHOM 

yCTpOMCTBe yCTpOMCTBO OKaTHfl OKHMaeT 

CHmanbi KaHana, KOTopbie 6binn nepeAaHbi b 
pe>KHMe pa6oTbi TSTD. IlkinoTHbiii cenapaTop 
BbiflenaeT nunoTHbiPi CHman U3 cxaTbix 
cnmanoB KaHana. YcTpoPicTBO ol\6hkm KaHana 
reHepupyeT cuman ou,eHKM KaHana nyTeivi 
Bbi6opa nunoTHbix cumanoB, nepeflaHHbix ot 
oflHoti n tom we aHTeHHbi nepeflaTHUKa cornacHo 
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(54) DEVICE AND METHOD FOR RECEIVING BASE STATION TRANSMITTED SIGNALS BY MOBILE STATION 



(57) Abstract: 

FIELD: communications engineering. 
SUBSTANCE: receiving device designed for 
mobile stations receives signals sent by 
base station incorporating function of time 
switched transmission diversity (TSTD). 
Receiving device multiplexer functions to 
multiplex channel signals transmitted in 
TSTD mode. Pilot separator extracts pilot 
signal from multiplexed channel signals. 
Channel estimating device generates channel 
estimate signal by selecting pilot signals 
transmitted from same transmitter antenna 
according to TSTD mask of transmitter. 



Corrector is used to correct channel signals 
using channel estimate signal for the 
purpose. EFFECT: enhanced reliability of 
signal reception. 38 cl, 12 dwg 
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1 . 06;iacTb M3o6peTeHna 

HacToamee n3o6peTeHne othocktch b 
o6ii^eM k cucTeiwaM noABM>KHOM CBH3M, a b 
MacTHOcTH, k ycTpoMCTBy n cnocooy flnn 
noflBM>KHOM CTaHU,nn a™ npMeMa cumanoB, 
nepeAaBaeMbix ot 6a30Boti daHL^nn, niweioi^eCi 
cpyHKL^io pa3HeceHMH nepeflanM. 

2. OnucaHne poflCTBeHHOM TexHMKM 

B TMnOBOM CUCTeMe nOABM>KHOn CBH3M 

6a30Baa CTaHL(MS n noABMWHas CTaHL(Ma Ka>Kflafl 
niweeT oflHy ameHHy , mo6bi o6~MeHMBaTbCfl 
AaHHbiiwn APyr o APyroM. B TaKofi 
KOHCTpyKTMBHOM KOHCpMrypaL(MM, Koraa 
nponcxoAm 3aMnpaHne KaHana nepeAanM b 
TaKnx o60To^TenbCTBax, KaK HanMHMe 3AaHMfi 
Me>KAy noABM>KHOM CTaHU,nen n 6a30BOM 
CTaHuneW, KanecTBO cba3m yxyflLuaeTCH. HTo6bi 

npOTHBOAefiCTBOBaTb B03HHKHOBeHHK) 3Toro 

SBneHMS, o6bWHO ncnonb3yeTCB TexHMKa 
pa3HeceHna. TexHMKa pa3HeceHHfi ynynwaeT 

xapaKTGpMCTMKy CHCTeMbl nOABUJKHOM CB83M. 

MTo6bi nepeAaBaTb cm man ot [ioabh>khom 
CTaHunn k 6a30BOM CTaHL4MM nepe3 o6paTHbiM 
KaHan, MO>KeT 6biTb Mcnonb30BaHa TexHMKa 
pa3HeceHH^ npneMHMKa, b KOTopon 
ycTaHaBJinBaeTcn MHOwecTBO npneMHbix aHTeHH 
Ha 6a30Bon CTaHL(nn. KpoMe Toro, flna nepeflann 
CMmanoB ot 6a30Boti CTaHL(MM k noflBM>KHOM 
CTaHi4MM nepe3 npaMOM KaHan bo3mo>kho 
i^cnorib30BaTb TexHMKy pa3HeceHMa nepeAanM 
Ana nepeAanM CMmanoB nepe3 MHO>KecTBO 
nepeAaroiAUX aHTeHH, ycTaHOBneHHbix Ha 
6a30Bofi CTaHL4uu. TaM, rAe 6a30Baa CTaHL(Mfl 
HMeeT cjDyHKL^Mfo pa3HeceHMa nepeAanM, 

nOABM>KHafl CTaHL(Mfl MO>KeT MCnOflb30BaTb 

ToribKO OAHy aHTeHHy a™ 3cp<}>eKTa 
pa3HeceHM^ 

Ha npaKTHKe, oflHara, TpyAHO ycraHOBMTb 
MH0x<ecTB0 npneMHbix aHTeHH Ha ManeHbKOM 

nOABMWHOM CTaHL^MM, HT06bl KOHcjDMrypupoBaTb 

noABH>KHyio CTaH 4 Mio k onTMManbHOMy 
BbinoriHeHnio ncnojib30BaHMfl TexHMKH 
pa3HeceHna npueMHMKa bo BpeMH cbh3m Ha 
np&MOM KaHane. flawe xoth npneMHbie aHTeHHbi 
MoryT 6biTb ycTaHOBiieHbi Ha noABM>KHOM 

CTaHL^MM, MailblM pa3Mep nOABM>KHOM GTaHL^MM 

orpaHMHMBaeT paccTOAHue Me>KAy npneMHbiMM 
aHTeHHaMM, m nosTOMy yMeHbiuaeT pe3ynbTaT 
pa3HeceHus. KpoMe Toro, KorAa MHWKecTBO 
aHTeHH ycTaHOBfieHO Ha [~ioabm>khom CTaHi4MH, 
Heo6xoAMMO o6ecnenuTb OTAenbHbie cxeMbi 
Ana npneivia CMmanoB npaMoro KaHana m 
nepeAanM CMmanoB o6paTHoro KaHana nepe3 
cooTBeTCTByKJinne aHTeHHbi, hto Bbi3biBaeT 
yBeriMHeHMe pa3Mepa m ctommoctm ["ioabm>khom 

CTaHUMH. riO 3TMM npuHMHaM CUCTeMa 

noABM>KHOM CBA3M oGbNHO Mcnonb3yeT TexHMKy 
pa3HeoeHM^ nepeAann name, MeM TexHMKy 
pa3HeceHnsi npneMHUKa. 

KpaTKoe onucaHne n3o6peTeHH« 

nosTOMy 3aAaneM HacTOflLnero M3o6peTeHMH 
SBfiseTcs co3AaHne npneiviHoro ycTpoficTBa u 
cnoco6a Ana iioabm>khom GTaHi^nn pfw npneMa 
curHarioB, nepeAaBaeMbix ot 6a30B0M CTaHi^nn, 
MMeioiAePi cpyHKL^Mio KOMMyTupyeivioro no 
BpeM©HM pa3HeceHna nepeAann - KBPn (TSTD). 

flpyroPi 3aaaHe^i HacTOfl^ero M3o6peTeHus 
SBnfleTca co3AaHne npMeMHoro ycTpoMGTBa n 
cnoco6a ppn noflBH>KHoPi CTaHi^nn ppn npneMa 
curHanoB, nepeAaBaeMbix ot 6a30B0M CTaHi^uu 
nepe3 MHOKecTBO aHTeHH, nyTeM 
ncnonb30BaHHfl oahom npneMHofi aHTeHHbi. 

Ei^e oahom 3aAaneM HaoToaiAera 
M3o6peTeHM?i flBJiaeTCfl co3AaHne ycTpoMCTBa m 
cnoco6a An^ noABM>KHOw CTaHi^nn ppn npneMa 



onrHana TSTD n curHana He-TSTD, 
nepeAaBaeMbix ot 6a30Botf CTaHL4nn, n oueHKH 
ycnoBufi KaHana Ana cooTBereTByioiAnx TpaKTOB 
comacHO pewniviaM pa6oTbi. 

EiAe oahom 3aAaHefi HacTOfiiAero 
M3o6peTeHnn flBnfieTC^ co3AaHne ycTpoMCTBa n 
onooo6a Ann noABM>KHOM CTaHL(nn Ana oi4eHKM 
moiahocth npneMa cumanoB, nepeAaBaeMbix ot 
6a30Bofi CTaHL4nn, HMeioiAefi (jayH^nio TSTD. 

E^e oahom 3aAaHefi HacTOfiiAero 
M3o6peTeHns ABnfieTCfl co3AaHne ycTpoficTBa n 
cnoco6a Anfl noABM>KHOM CTaHL(nn Ana OL4eHKM 
moiahocth npneMa cumana TSTD n curHana 
He-TSTD, nepeAaBaeMbix ot 6a30Bofi CTaHL^nn, 
MMeiomeW cpyHKL(nio TSTD. 

3tm h APyrne 3aAaMH peann3yioTCfl 
HacTOHiAUM n3o6peTeHneM, rAe co3AaHbi 
ycTpoMOTBO m cnooo6bi Ann noABM>KHOM CTaHL4nn 
Ann npneMa n o6pa6oTKM AaHHbix, 
nepeAaBaeMbix b c{)yHKL4nn KOMMyTupyeiworo no 
BpeMeHM pa3HeceHnn nepeAann (TSTD) ot 
6a30Bofi CTaHL4nn. 

B cooTBeTCTBMM c oahmm acneKTOM 
HacTOHLAero M3o6peTeHnn, npneMHoe 

yCTpOMCTBO Pf\R CMCTeMbl nOABUXHOfi CBA3H 

BicnioHaeT yoTpoMCTBO c>KaTHH a™ cxaTHH 
KaHanbHbix cumanoB, KOTopbie 6binn nepeAaHbi 
b pe>KMMe pa6oTbi KOMMyTupyeMoro no BpeMeHM 
pasHeceHU^ nepeAann (TSTD); nunoTHbiCi 
cenapaTop ppn BbiAeneHM^ nnnoTHoro curHana 
M3 OKaTbix KaHanbHbix cumanoB; ycTpoiicTBO 
oueHKn KaHana pfin reHepaunn curHana oi4eHKM 
KaHana nyTeM Bbi6opa nunoTHbix cumanoB, 
nepeflaHHbix ot oahom h toK *e aHTeHHbi 
nepeAaTMMKa comacHO Lua6noHy TSTD 
nepeAaTMMKa; h KOMneHcaTop tym KOMneHcaL^nn 
curHanoB KaHana cnmanoM OL(eHKH KaHana. 

B cooTBeTCTBMM c ApyruM acneKTOM 
HacTOfiiAero H3o6peTeHna, np^eMHoe 

yCTpOMCTBO AHS CMCTeMbl nOABH>KHOfi CBA3M 

BicnioMaeT ycTpoCicTBO okstmh pf\n okstvib 
KaHanbHbix cumanoB, KOTopbie 6binn nepeAaHbi 
b pe>KMMe pa6oTbi KOMMyTupyeMoro no BpeMeHM 
pa3HeceH^^ nepeAann (TSTD); nunoTHbiM 
cenapaTop Ann BbifleneHna nnnoTHoro curHana 
M3 OKaTbix KaHanbHbix cumanoB; ycTponcTBO 
oueHKn moiahocth cnmana p^m reHepaunn 
cnmana ot^eHKM moiahocth cnmana nyTeM 
Bbi6opa nnnoTHbix cumanoB, nepeAaHHbix ot 
oahom n tom we aHTeHHbi nepeAaTHMKa comacHO 
ina6noHy TSTD nepeAamnKa; ycTponcTBO 
OL^eHKM molahoctm noMex Ann reHepai^nn 
cnmana oi^eHKM molahoctm noMex ot cumanoB 
KaHana, nepeflaHHbix b pewnMe pa6oTbi TSTD; n 
peujaiomee ycTponcTBO BbinncneHM^ 
molahoctm npMHAToro CMmana nyTeM o6pa6oTKM 
cnmana OLjeHKn moahocth cnmana n cnmana 
OL4eHKH molahoctm noMex. 

KpaTKoe onucaHne nepTewefi 

Our. ot 1A ao 1C ecTb cxeMbi, 
unniocTpMpyiOAMe pa3nnnHbie cpopMaTbi 
flaHHbix, nepeflaBaeMbix ot 6a30BOM CTaHi^nn; 

cpMr. 2 ecTb cxeMa, MnmocTpnpyioLi^afl 
CTpyiaypy rpynnu ashhux, nepeAaBaeMOM ot 

6a30B0M CT3HI4MM; 

qoMr.3 ecTb cxeMa, MnmocTpnpyioLi^afl 

npMeMHMK ATlfl nOABM)KHOM CTaHL^MM, KOTOpbIM 

npuHMMaeT AaHHbie, nepeAaBaeMbie ot 6a30BOM 
CTaHL^MM, comacHO nepBOMy Bonno^eHMio 
HacTOSLflero M3o6peTeHnn; 

cpMr. ot 4A ao 4G ecTb cxeMbi, 
unniocTpMpyiOAMe cpopMaTbi AaHHbix, MMeioLi^MX 
MecTO Ha cooTBeTCTByiOLi^MX sneMeHTax 
npneMHMKa c (pnr.3; 

qoMr.5 ecTb cxeMa, MnmocTpnpyioLi^afl 
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nnnoTHbM cenapaTop c cpnr.3; 

cpnr.6 ecTb cxeMa, nnniocTpnpyioLflafl 
3neM©HT 3aflep>KKH c cpnr.3; 

(fur. 7 eoTb cxeMa, MnniocTpwpyioLAafl 
ycTpoCicTBO 0146HKM KaHana c cpnr.3, comacHO 
nepBOMy BonnoiAeHMio; 

(fur. 8 eoTb cxeMa, MnniocTpwpyioLflafl 
ycTpoCicTBO oueHKM KaHana c cpnr.3, comacHO 
BTopoMy BonnoLfleHwo; 

cpwr.9 ecTb cxeMa, MnniocTpwpyioLflafl 
npneMHMK a™ noflBM>KHOM CTaHL4un Ana npueMa 
AaHHbix, nepeflaBaeMbix ot 6a30Bow CTaHU,uu, 
comacHO BTopoMy BonnoLfleHMio HacTostLflero 
M3o6peTeHMfi; 

cpur. 10 ecTb cxeMa, nnnK>CTpnpyiOLflaf] 
ycTpoficTBO cfleHKH moluhoctw CHTHana c cpnr.9; 

(fur. 1 1 A ecTb cxeMa, unmocTpupyKiLuafi 
ycTpoPicTBO oueHKM molu,hocth noMex c cpur.9, 
comacHO nepBOMy BonnomeHnio; 

(fur. 1 1 B ecTb cxeMa, unmocTpupyKiLuafi 
ycTpoficTBO oi^eHKM molu,hocth noMex c cpnr.9, 
comacHO BTopoMy BonnomeHMio; n 

(fur. 12 ecTb cxeMa, i/mniocTpi/ipyiOLflaf] 
ycTpoPicTBO ppa cmeHKH npueMHoii molahocth 
npuHAToro curHana TSTD npneMHwra c cpnr.9. 

noflpo6Hoe onucaHne npeflnoHTMTenbHbix 
BonnomeHufi 

npeAnoHTMTerbHbie BonnoLAeHMfi 
HacTOfliAero M3o6peTeHMfi 6yflyT onucaHbi 3Aecb 
Aaxiee co ccbinKoH Ha conpoBO>KAa(OLii,Me 
nepTe>KM. B nocneAyioLfleM onucaHuu xopoiuo 
M3BecTHbie KOHCTpyKi^MM mum cpyHKu,uu He 6yAyT 
onucbiBaTbCfl noApo6HO, TaK hto6h He 
3arpoMOM<AaTb HacToaiAee n3o6peTeHne. 

TepMMH "MHTepnOJlflUMfl", K3K oh 

ncnorib3yeTCfl 3Aecb, othocmtca k onepaunn 

OLieHKH 3HaHeHMtf B HeCKOJlbKMX BpeMeHHblX 

npoMex<yTKax b npeAonpefleneHHOM MHTepBane 

BpeMeHM C MCnOJlb30BaHHeM MHO>KeCTBa 

3HaMeHn£i, onpefleneHHbix b TeMeHne 3Toro 
npeflonpeflejieHHoro MHTepBana BpeMeHM. 

npneMHoe ycTpotfcTBO m cnocoobi Ana 
noABMJKHofi CTaHi^nM, comacHO HacToniAeMy 

M306peTeHMK), npUHMMaKJT m o6pa6aTbiBaK)T 

AaHHbie, nepeAaBaeMbie b qbyHKL^HH 
KOMMyTupyeMoro no BpeMeHM pa3HeceHHH 
nepeAann (TSTD) ot 6a30BoPi CTaHi^nn, 3Aecb 
HacToniAee M3o6peTeHne 6yAeT onucaHO co 
ccbinKOM k KaHany, KOTopufl nepeAaeT 

MHCp0pMaL4MK) OT 6a30BOfl CTaHL^MM, OAH3KO, 

npeAnonaraeTCfl, hto, KorAa nepeAaiomee 

yCTpOMCTBO A™ CMCTeMbl [10ABM>KHOM CBH3H 

nepeAaeT ckimanbi Ha o6meM KaHane u/nnu 
BbiAeneHHOM KaHane b pe>KHMe paooTbi TSTD, 
npweMHoe ycTpowcTBO Ha 6a30B0M CTaHL^uu 

CMCTeMbl nOABM>KHOM CBH3H MO>KeT npWHHMaTb 

cwman TSTD, nepeAaBaeMbitf b pe>KHMe 
pa6oTbi TSTD, comacHO BonnomeHHHM 
HacTOfliAero H3o6peTeHWfi. 

cfcwr. ot 1A ao 1C uninocTpupyioT cfjopMaTbi 
AaHHbix, BbiAaBaeMbix M3 nepeAaTHMKa 6a30BOM 
cTaHL^MM. 3Aecb npeAnonaraerefl, hto 6a30Ban 
CTaHi4Mfi c cpyHKL4nePi TSTD MMeeT ABe aHTeHHbi, 
ANT1 m ANT2. Bonee KOHKpeTHO, qbur.lA 
wnniocTpwpyeT cpopMaT AaHHbix, BbiAaBaeMbix 
ot nepeAaioLflew aHTeHHbi ANT1 6a30Bow 
CTaHL^MM; cpwr.lB - cpopMaT AaHHbix, 
BbiAaBaeMbix ot nepeAaioiAew aHTeHHbi ANT2 
6a30Bofi CTaHU,ww; cpwr.lC - cpopMaT AaHHbix, 
BbiAaBaeMbix M3 6a30BOM CTaHU,nw, He 
ncnorib3yioiAefi cpyHKL4Mio TSTD, t. e. He-TSTD 
t3a30BOM CTaHi^MM. KaK 3to ncnorib3yeTCfl 3Aecb, 
cnoBO "AaHHbie" BKJiiOHaeT He ToribKo 
AeCicTBMTejibHbie AaHHbie, TaKwe KaK naKeTHbie 
AaHHbie, ho TaioKe Bee bmau MHdpopMai^MM, 



KOTopan nepeAaeTcn b cucTeMe noABM>KHOM 

CB33M. 

KaK Aanee bhaho M3 cpur. ot 1A flo 1G, 
qbyHKL^na TSTD, ocyiAecTBfifleMafi b AaHHbix, 
nepeAaeTcn nyTeM nonepeMeHHoro 
Mcnonb30BaHMfi nepeAaioiAHX aHTeHH. 
HanpMMep, KorAa AaHHbie nepeAaioresi c 
ncnonb30BaHneM MHO>KecTBa aHTeHH, KaK 
noKa3aHO Ha cpur. 1A ki 1B, Aa*ce ecnM 
noABH>«Hafl CTaHU,nn MMeeT Manyio B03MO>KHOCTb 
npweMa cumaria (mtim AaHHbix) M3-3a nnoxnx 
ycnoBMti b KaHane Ann ci/imana, nepeAaBaeMoro 
ot OAHofi aHTeHHbi, cneAyioiAnPi cuman MO>KeT 
6biTb nepeAaH Mepe3 flpyroM HopMaribHbiti KaHan 
c ncnonb30BaHneM APyroti aHTeHHbi, TaKMM 
o6pa30M npeAOTBpaiAaeTcn yMeHbiueHne 
BepoflTHOCTM npneMa. riosTOMy 
nocneAOBaTeribHO npuHMMaeMbie AaHHbie MoryT 
MeHbiue 3aBMceTb ot ycnoBMM KaHana. 

06blHHO MCnOnb3yeTCfl MHO)KeCTBO aHTeHH, 

HTo6bi nepeAaBaTb AaHHbie, Mcnonb3ya 
cpyHKL4nio TSTD. flnn ynpoiAeHHfl, OAHaKO, 3Aecb 
npeAnonaraeTcn, mto 6a30Baa CTaHi4nn 
nepeAaeT AaHHbie, ncnonb3yfl ABe nepeAaioiAne 
aHTeHHbi b pexoiMe pa6oTbi TSTD. KpoMe raro, 
npeAnonaraeTCH, mto HeTHO-HyMepoBaHHbie 
rpynnw AaHHbix nepeAaioTCH, ncnonb3yn 
nepByio aHTeHHy ANT1, KaK noKa3aHO Ha 
cpKiMA, a HeneTHO-Hy MepoBaHHbie rpynnbi 
AaHHbix nepeAaioTcn, ncnonb3yn BTopyio 
aHTeHHy ANT2, KaK noKa3aHO Ha cbur.lB. 

KaK noKa3aHO Ha cpur.lA n 1B, noKa nepBan 
aHTeHHa ANT1 nepeAaeT HeTHO-HyMepoBaHHyio 
rpynny flaHHbix, BTopas aHTeHHa ANT2 He 
nepeAaeT AaHHbie. (locne Toro, KaK nepBas 
aHTeHHa ANT1 3aBepLuaeT nepeAany 
HeTHO-HyMepoBaHHOM rpynnbi AaHHbix, BTopaa 
aHTeHHa ANT2 nepeAaeT 

HeneTHO-HyMepoBaHHyio rpynny AaHHbix, b to 
BpeMH KaK nepBaq aHTeHHa ANT1 He nepeAaeT 
AaHHbie. TaKan TexHonomsi nepeAaHM flaHHbix 
Ha3biBaeTcn cfiyHKL|MeR TSTD. B pe>KMMe 
pa6oTbi TSTD flaHHbie b o6ifleM nepeflaioTCfi 
nyTeM KOMMyTaL(nn flByx nnn 6onee aHTeHH. 
XoTfl HacTOfiiAee H3o6peTeHi>ie 6yfleT onncaHO 
co ccbinKoii k BonnomeHHio, B KOTOpOM 
nepeflaTHnK nepeAaeT AaHHbie, ncnonb3yji ABe 
aHTeHHbi, nyTeM nocneAOBaTenbHOM 
KOMMyTai^nn no BpeMeHM, bo3mo>kho TaioKe ath 
nepeAaTH^Ka MMeTb Tpn v\m 6onee aHTeHH ppn 
BbinonHeHMfl cnoco6a nepeflaHM AaHHbix TSTD 
nyTeM ncnonb30BaHHH iua6noHa TSTD, 
npeAonpefleneHHoro Me>KAy 6a30BOM CTaHi4neti 
M nOABM>KHOM CTaHL(Mei?i, a He 
nocnefloBaTenbHoPl KOMMyTai4nn no BpeMeHM. 

Our. 1C nnmocTpupyeT cpopMaT AaHHbix, 
nepeAaBaeMbix ot 6a30BOM CTaHunn c 
ncnonb30BaH^eM eAMHCTBeHHOM aHTeHHbi 6e3 
Mcnorib30BaHMfl cpyHKL(nn TSTD. KaK noKa3aHO, 
Bee rpynnbi AaHHbix nepeAaioTca nepe3 OAHy 
aHTeHHy. 

Onr.2 nnniocTpnpyeT CTpyKTypy rpynnbi 
AaHHbix, nepeAaBaeMow ot 6a30BOM CTaHi^nn, 
MMeioifleM cpyHKL(Mio TSTD. KaK noKa3aHO, 
Kaxcflan rpynna AaHHbix, nepeAaBaeMaa ot 
6a30Bofi CTaHi^MM, HMeioifleM cpyHKUMio TSTD, 

COCTOMT H3 nHnOTHblX CMMBOnOB, 6nTa 

ynpaBneHMfi MoiflHOCTbio (PCB) m AaHHbix. 
nunoTHbie cuMBonbi ncnonb3yioTCfl ppn oi^eHKM 
KaHana, oi^eHKi/i moiahoctm m 6bicTporo 3axBaTa. 
HHCpopMai4na, nepeAaBaeMan Mepe3 nunoTHbie 

CUMBOnbl, M3BeCTHa KaK 6a30BOM CTaHL^MM, TaK M 

noABMJKHOM CTaHL(HM. To ecTb, nunoTHbie 
cuMBonbi nepeAaioTca KaK Bee "0" nnn Bee "1 ". 
But ynpaBneHMfl MOLii,HocTbio, nepeAaBaeMbiM 
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ot 6a30BOM CTaHU,nn, perynHpyeT MoiflHOCTb 
nepeAaMM noflBM>KHOM CTaHL4i/ii/i. "flaHHbie" 
OTHOCATCfl k 6nTaM flaHHbix (mjim cwmanaMM 
AaHHbix), nepeaaBaeMbiM ot 6a30BOM CTaHU,nn. 
3flecb 6noK, cocToaLflufi M3 nunoTHbix cwMBonoB, 
6nTa ynpaBneHufi MOLflHOCTbio 1/1 flaHHbix, 
Ha3biBaeTCfi "6noKOM flaHHbix". 

A. llepBoe BonnoifleHne 

$i/ir.3 unntooTpupyeT npneMHMK flnn 
noflBi/iwHofi CTaHi^nn flna npneMa flaHHbix, 
nepeflaBaeMbix ot 6a30Boi* CTaHU,nn, 
noflflep>KHBaioifle^ c^yHKi^MK) TSTD, comacHO 
nepBOMy BonnoifleHHio HacTosiflero 
n3o6peieHnq. npneMHUK c a>nr.3 npeflHa3HaneH 
npuHMMaTb flaHHbie, nepeflaBaeMbie KaK b 
pe>KHMe pa6oTbi TSTD, TaK m b pe>KMMe pa6oTbi 
He-TSTD. ripneMHMK ana noflBmKHofi CTaHi4nn 
BKnionaeT N naHenePi 301 - 30N. flna yflo6cTBa 
onucaHne 6yfleT cflenaHo, KOHU,eHTpnpyflCb 
ranbKO Ha oflHofi naHenn. KpoMe Toro, xoth 
Ka>KflaH naHenb o6pa6aTbiBaeT cumanbi nyTeM 
pa3fleneHHfi nx Ha cumanbi 1-KaHana u cnmanbi 
Q-KaHana, onucaHne 3flecb BbinonHeHO flnq 
npou,ecca npneiwa cumanoB 6e3 pa3fleneHMfl 
cumanoB comacHO KaHanaM, flns L(eneti 
ynpoifleHMfi. Ka>Kflafl naHenb MMeeT flBa TpaKTa 
Alia cumanoB 1-KaHana n cwnanoB Q-KaHana. 

KaK BMflHO Ha cpur.3, KOMMyTarap 310 
Bbi6npaeT cm man, BbixoflfliflnCi ot 
fleiwoflynflTopa (He noKa3aH) b 
npeflLuecTByioifleM CTyneHM BbiBOfla 301. 
YcTpoticTBO OKaTMfl PN (nceBflo-wyMa) 311 
yMHo>KaeT BbiSpaHHbiM ci/iman Ha PN 
nocneflOBaTenbHocTb, hto6u c>KaTb Bbi6paHHbiM 
CHman. flna PN ycTpoficTBa OKaTus 31 1 MoweT 
6biTb ncnonb30BaHO KOMnneKCHoe ycTpoticTBo 
OKaTMfl PN. OpToroHanbHoe ycTpoPicTBO OKaTua 
312 yMHO>KaeT cumanbi, Bbixoflfliflne M3 PN 
ycTpoMCTBa oKaTMfi 311, Ha opToroHanbHbiti koa, 
MTo6bi BbiflennTb cuman flnfl cooTBeTCTByioifletf 
naHenn M3 BbixoflHbix cumanoB PN ycTpoiicTBa 
okstmh 311. 3flecb b KaMecTBe oproroHanbHoro 
KOfla MO>KeT 6biTb ncnonb30BaH koa Yojiwa. 
BnoK cyMMnpoBaHns n BbiflaHM 313 cyMMnpyeT 
h BbiflaeT (min HaKannnBaeT) cumanbi, 
BbixoflfliflHe M3 opToroHanbHoro ycTpoficTBa 
cxcaTna 312. nunoTHbiM cenapaTop 314 
BbiflenneT nunoTHbie cumanbi n cnmanbi 
flaHHbix M3 cumanoB, BbiflaBaeMbix H3 6noKa 

CyMMUpOBaHUfl M BblflaMM 313. YCTpoClCTBO 

oi^eHKM KaHana 316 npMHMMaeT nunoTHbie 
cumaxibi, BbifleneHHbie nunoTHbiM cenapaTopoivi 
314, h oho ycTaHaBnuBaeTcq b pewHM TSTD 
nnn pe>KHM pa6oTbi He-TSTD, comacHO CHmany 
cpnara TSTD, BbiflaBaeMOMy H3 KOHTponnepa 
(He noKa3aH). YcTpoPicTBO oi^eHKM KaHana 316 
aHann3npyeT nunoTHbie cumanbi, BbiflaBaeMbie 
H3 nunoTHoro cenaparapa 314 comacHO 
ycTaHOBneHHOMy pexuMy pa6oTbi, MTo6bi 
oi^eHMTb KaHan. Yctpomctbo conpaxeHMfl 318 
conparaeT BbixoflHofi cwman ycTpoficTBa oi4eHKH 
KaHana 316. 

3neMeHT 3aflep>KKM 315 npuHUMaeT curHanbi 
flaHHbix, BbiflaBaeMbie H3 nunoTHoro 
cenaparapa 314, m ycTaHaBnuBaeres b pe>KMM 
pa6oTbi TSTD nnn He-TSTD comacHO cumajiy 
cfjnara TSTD, BbiflaBaeMOMy H3 KOHTponnepa. 
SneMeHT 3aflep>KKH 315 3aflep>KMBaeT flaHHbie 
Ha oflHy rpynny flaHHbix b pe>KMMe He-TSTD n Ha 
KonnMecTBO rpynn flaHHbix, cooTBereTByioLflee 
KonnnecTBy ncnonb3yeMbix aHTeHH b pe>KHMe 
pa6oTbi TSTD. YMHO>KHTenb 319 yMHOKaeT 
curHanbi flaHHbix, BbiflaBaeMbie M3 sneMeHTa 
3aflep>KKH 315, Ha conpaweHHbiM curHan 04eHKH 
KaHana, BbiflaBaeMbie H3 ycTpo^cTsa 



conpa>KeHMfi 318, MToGbi reHepupoBaTb 
BbixoflHoPi cuman cooTBeTCTByioifleM naHenn 
301. SneMeHT 3aflep>KKM 315 n yMHO>KHTenb 319 
cocraBrifiioT KOMneHcaTop KaHana. 

06-beflMHMTenb 320 o6-beflMHJieT Bbixoflbi F1 
- FN cooTBeTCTByioiflMX naHeneti 301 - 30N. 
MynbTunneKcop 321 MynbTunneKcupyeT 
AByx-KaHanbHbie cumanbi cumana l-KaHana m 
cumana Q-KaHana, BbiflaBaeMbie H3 
o6-beflnHMTenfi 320, b oflHOKaHanbHbie curHanbi 

(T. e. OflMH nOTOK 6mt). YCTpoCiCTBO 

o6paifleHHoro nepeMe>KeHMfl 322 
BoccTaHaBnuBaeT nepBOHananbHyio 
nocneflOBaTenbHocTb BbixoflHoro curHana 
MynbTunneKcopa 321, nra6bi npeo6pa30BaTb 
curHanbi, nepeMe>KeHHbie b 6a30B0^i CTaHU,nn, b 
nepBOHaManbHoe pacnono>KeHne. flenino>paTop 
323 fleKOflnpyeT BbixoflHoCi curHan ycTpoCicTBa 
o6paifleHHoro nepeMe>KeHnq 322, HTo6bi 
npeo6pa30BaTb flaHHbie, saKOflnpoBaHHbie b 
nepeflaTMMKe, b nepBOHaqanbHbie flaHHbie. 

Our. ot 4A flo 4G unniocTpupyioT cpopMaTbi 
flaHHbix, HMeioiflne Mecra Ha cooTBeTCTByioiflMX 
sneMeHTax b npneMHMKe c cpnr.3; flaHHbix, 
nepeflaBaeMbix ot 6asoBofi CTaHL(nn b pe>KMMe 
pa6oTbi TSTD. Bonee KOHKpeTHO, cpnr.4A n 4B 
noKasbiBaioT flaHHbie, nepeflaBaeMbie ot oflHoro 
m Toro we nepeflaTMUKa nyTeM nonepeMeHHoro 
noflKnioMeHun aHTeHH ANT1 n ANT2. KaK 
OTMeneHO Bbime, Korfla aHTeHHa ANT1 
nepeflaeT flaHHbie, aHTeHHa ANT2 He nepeflaeT 
flaHHbie. m Hao6opoT 

Our. 4C noKa3biBaeT c^opMaT flaHHbix, 
BbiflaBaeMbix M3 6noKa cyMMnpoBaHna n Bbiflann 
313. KaK noKasaHO, flaHHbie, npuHUMaeMbie 
npneMHMKOM, BKnioHaioT He ranbKO flaHHbie flnq 
nonbsoBaTena npneMHUKa, ho TaioKe flaHHbie 
Ann flpyrnx nonb30BaTeneti. nyTeM Koppenflu,nn 
flaHHbix, npnHATbix b npneMH^Ke, 3aaaHHbiM PN 
KOfloM h 3aflaHHbiM KOfloM Yonnia, flaHHbie flna 
flpyrux nonb30BaTeneCi yflansioTCfl, n ocTaioTcs 
TOJibKO flaHHbie flns nonb30BaTena stoto 
npneMHUKa. Ha qt>nr.4A HeTHO-HyMepoBaHHbie 
rpynnbi flaHHbix (nnn 6noKM) DATA0, DATA2, 
DATA4... nepeflaioTCfi ot nepeflaTHUKa, 
ucnorib3yH aHTeHHy ANT1 . Ha (£nr.4B 
HeneTHO-HyMepoBaHHbie rpynnbi flaHHbix (nnn 
6noKn) DATA1, DATA3,... nepeflaioTcs ot 
nepeflaTMUKa, ncnonb3ya aHTeHHy ANT2. Xote 
nepeflaTHHK nepeflaeT flaHHbie, ncnonb3yn 
pa3Hbie aHTeHHbi, npneMHMK npuHUMaeT 
flaHHbie, Mcnonb3ys OflHy aHTeHHy, TaK hto 
npMH^Tbie flaHHbie MoryT MMeTb qbopMaT c 
cpnr.4C. 

Onr.4D m 4E noKa3biBaioT qbopMaTbi flaHHbix, 
BbiflaBaeMbie H3 nunoTHoro cenaparapa 314. 
Bonee KOHKpeTHO, cpnr.4D noKa3biBaeT qbopMaT 
flaHHbix, BXOflfliflHX b sneMeHT 3aflep>KKn 315, a 
cpnr.4E - qbopMaT flaHHbix, Bxoflaiiinx b 
ycTpoMCTBO oi^eHKM KaHana 316. KpoMe raro, 
cpnr.4F m 4G noKa3biBaioT cpopMaTbi flaHHbix, 
nocTynaioiflux b yMHo>KHTenb 319. Bonee 
KOHKpeTHO, qbnr.4F noKa3biBaeT qbopMaT 
flaHHbix, BbiflaBaeMbix H3 aneMeHTa 3aflep>KKM 
315, a cpnr.4G - qbopMaT flaHHbix, BbiflaBaeMbix 
M3 ycTpoficTBa conpa>KeHHfl 318. flaHHbie c 
cpnr.4F yMHOxaioTCfl b yMHOKMTene 319 Ha 
flaHHbie c q>ir. 4G, n yMHO>KMTenb 319 BbiflaeT 
BennHMHy KOMneHcai4nn ncKaweHUfi KaHana. 
3flecb ncKaweHne KaHana MMeeT MecTO, Korfla 
flaHHbie nepeflann npoxofl^T nepe3 KaHan. 

Co ccbinKOM Ha cpur. ot 4A flo 4G Tenepb 
6yfleT flaHO onucaHne pa6oTbi npneMHMKa flna 

nOflBM>KHOM CT8HL4HH C CpHT.3. YCTpO^CTBO 

OKaTun PN 31 1 BKnionaeT reHeparap PN KOfla n 
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OKMMaeT PN npuHATbiM cumaji. OpToroHanbHoe 
ycTpoPicTBO OKaTMfi 312 BKJiHDHaeT reHeparap 
KOfla Yonwa n opraroHanbHO OKMMaeT PN 
OKaTbiw curHan. Yctpomctbo PN c>KaTMn 311, 
ycTpoPicTBO opToroHarbHoro c>KaTHs 312 m ojiok 
cyMMnpoBaHMfi n Bbiflaqn 313 cocTaanfiioT 
KoppenfiTop. YcTpoMCTBa OKaTMfl 311 n 312 
yMHO>KaioT CMeLuaHHbie cumanbi Ana 
MHO>KecTBa nonb30BaTenew Ha ncnonb3yeMbie b 
nepeAamnKe ppn nonb30BaTens npneMHUKa PN 

KOfl H KOfl YOJllija. BllOK CyMMMpOBaHUfl u 

Bbiflann 313 cyMMnpyeT n BbiAaeT cumanbi, 
yMHO>KeHHbie Ha PN koa h koa Yonwa b 
ycTpoCicTBax cxaTm 311 h 312, b TeneHue 
npeAonpeAeneHHOfi AnnTenbHOc™. B npou,ecce 
cyMMnpoBaHUfl m BbiAann cumanbi Ann Apyrux 
nojib30BaTeneM yAanaioTCfl, u ocTaeTca TonbKO 
cuman Arm npeflHa3HaHeHHoro nonb30BaTen;i. 

noaTOMy KoppenflTop nocneAOBaTenbHO 
npuHMMaeT cumanbi, nepeAaBaeMbie or aHTeHH 
ANT1 u ANT2 nepeAamnKa, n BbiAaeT cumanbi 
c cpnr.4C nyieM PN OKaTna, opToroHanbHoro 
OKaTMfi n cyMMMpoBaHMfi n BbiAa'-in. Cuman, 
BbAaBaeMbiti H3 Koppenarapa, noAaerafl k 
nunoTHOMy cenaparapy 314. nunoTHbifi 
cenaparap 314 BbiAenaeT nnnoTHbie cumanbi n 
cumanbi AaHHbix M3 BbixoAHbix curHanoB 
KoppenHTopa u noAaeT nunoTHbie curHanbi k 
ycTpoticTBy ou,eHKfi KaHana 316, a curHanbi 
flaHHbix k 3/ieMeHTy 3aflep>KKH 315. 

Ha 4)nr.5 noKa3aH nunoTHbiti cenapaTop 314, 
KOToputf BbiAenaeT nunoTHbie cuMBonu, 
pacnono>KeHHbie b BeAyiAePi nacTi/i Kaworo 
6noKa AaHHbix c cpur.4C, Korapufi BbiAaeTCfl U3 
6noKa cyMMnpoBaHMfi n BbiAann 313. Ha stom 
HepTe>Ke KOMMyTaTop 51 1 BbiAenneT nunoTHbie 
curHanbi c cpnr.4E H3 npuHATbix cumanoB c 
cpnr.4C n noflaeT BbiAeneHHbie nunc-THbie 
curHanbi k cyMMaTopy 513, KOTopbiPi cyMMnpyeT 
n BbiflaeT nmioTHbie curHanbi, Bbixoflflinue 0T 
KOMMyTaTopa 511. 

TeM BpeMeHeM no npneiwy cumanoB AaHHbix 
c cpur.4D nocne 3aBepiueHMfl BbiAeneHU? 
nunoTHbix cumanoB c cpnr.4E KOMMyTaTop 511 
npucoeAHHfleTCfl k aneMeHTy 3aAep>KKM 315, 
HToGbi BbiAennTb curHanbi AaHHbix c cpur.4D m 
nunoTHbix curHanoB. TaKMM o6pa30M, cyMMaTop 
513 cyMMnpyeT n BbiAaeT nunoTHbie curHanbi, 
BbiAeneHHbie H3 6noKa AaHHbix, kiMeK>wero 
CTpyKTypy c cpnr.2, v\ noAaeT ero buxoa k 
ycTpoPicTBy oi^eHKM KaHana 316. Eonee Toro, 
KOMMyTaTop 511 noAaeT BbiAeneHHbie curHanbi 
AaHHbix, cneAyiomne 3a nunoTHbiMM cumanaMH, 
k 3neMeHTy 3aflep>KKH 315. 

3neMeHT 3aAep>KKU 315 3aTeM 3aAep>KMBaeT 
curHanbi AaHHbix, BbiAeneHHbie nunoTHbiM 
cenaparapoM 314, cornacHO cumany cpnara 
TSTD. To ecTb, aneMeHT 3aAep>KKM 315 
3aAep>KHBaeT cumanbi AaHHbix Ha OAHy rpynny 
AaHHbix, KorAa cuman cpnara TSTD o6o3HanaeT 
pe>KHM He-TSTD. AnbTepHaTMBHO, aneMeHT 
3aflepwKM 315 3aflepwnBaeT curHanbi AaHHbix Ha 
KonnMecTBO 6noKOB AaHHbix, cooTBeTCTByiomee 
KonnMecTBy aHTeHH, ncnonb3yeMbix Any 
nepeAaTHHKa, KorAa cuman cpnara TSTD 
o6o3HanaeT pe>KHM TSTD. 3neMeHT 3aAep>KKM 
315 MO>KeT 6biTb CKOHCTpynpoBaH, KaK noKa3aHO 
Ha cpnr.6. 

KaK noKa3aHO Ha cpur. 6, Ha aneMeHT 
3aAep>KKH 315 noAaerea cuman cpnara TSTD ot 
KOHTponnepa. KorAa cpyHKU,na TSTD He 
ncnonb3yeTCH (cpnar = NOTSTD), KOMMyTarap 
615 npucoeAMHaeTcn k BbixoAy 6ycpepa 611. 
AnbTepHaTHBHO, KorAa cpyHKL(Mn TSTD 
ncnonb3yeTCH (cpnar = TSTD), KOMMyTarap 615 



npucoeAMHfieTCfl k BbixoAy t3ycpepa 613. 
Eycpepbi 611 n 613 Ka>KAwfi MoryT xpaHHTb oahh 
6noK AaHHbix n 3aAep>KHBaioT AaHHbie, 
3anncaHHbie b hhx, noKa He 6yAeT nonyneH 
cneAyioiAnw 6noK AaHHbix. no nonyneHnn 
cneAyioiAero 6noKa AaHHbix 6ycpepbi 611 n 613 
BbiAaioT Bee AaHHbie, 3anncaHHbie b hmx, b stot 
MOMeHT. To ecTb, noKa cneAyioiAnPi 6noK 
AaHHbix He 6yAeT nonyqeH, npucyTCTByioiAne 
6noKM AaHHbix 3anncaHbi b cooTBeTCTByioiAMX 



TaKMM o6pa30M, npuHATbie cumanbi AaHHbix 
3aAep>KMBaioTcn Ha oahh 6noK AaHHbix, KorAa 
cpyHKU.ua TSTD He ncnonb3yeTca (cpnar = 
NOTSTD). OAHaKo, KorAa cpyHKi4na TSTD 
ncnonbsyeTCfl (cpnar = TSTD), npwHATbie 
curHanbi AaHHbix 3aAep>KMBaioTCfl Ha Asa 6noKa 
AaHHbix. To ecTb, noKa ycTpoticTBO oi^eHKM 
KaHana 316 ou,eHMBaeT KaHan, sneMeHT 
3aAep>KKM 315 3aAep>KHBaeT cnmanbi AaHHbix c 
tpnr.4D, BbiAeneHHbie nwnoTHbiM cenapaTopoM 
314, m BbiAaeT 3aflep>KaHHbiR curHan AaHHbix c 
cpnr.4F. 

YcTpoticTBO OL(eHKM KaHana 316 c cpur. 3 
npuHMMaeT nunoTHbie curHanbi c cpur. 4E, 
BbiAaBaeMbie ot nnnoTHoro cenaparapa 314. 
KorAa cpnar TSTD o6o3HaMaeT cpyHKLinio 
He-TSTD (cpnar = NOTSTD), ycTpoPicTBO oi^eHKM 
KaHana 316 ou,eHHBaeT ycnoBnn TonbKO oahoto 
KaHana. OAHaKo, KorAa qbnar TSTD o6o3HaMaeT 
cpyHKU.nK) TSTD (cpnar = TSTD), ycTponcTBO 
oi^eHKH KaHana 315 OL^eHUBaeT cTonbKO 
KaHanoB, KaKOBO KonnnecTBO nepeAaioiAnx 
aHTeHH. ConpaweHHe b o6u4eM 03HanaeT 
onepau,nio nsMeHeHnn Ha o6paTHbifi 3H3kob 
TonbKO mhmmom HacTM KOMnneKCHoro Hucna. To 
ecTb, Korfla MHUMafl nacTb KOMnneKCHoro 
BbixoflHoro cumana ycTpoRcTBa oueHKH KaHana 
316 ecTb nono>KnTenbHa3 BennnnHa, 
ycTpotfcTBO conpa>KeHnfi 318 i/i3MeHfleT 3H3K 
TonbKO mhmmom HacTM Ha OTpuL^aTenbHyio 
BSJiMHMHy. AribTepHaTHBHO, Korfla MHUMaa nacTb 
ecTb OTpuLiaTexibHoe nucno, ycTpoi^cTBO 
conpa>KeH/iR 318 H3MeHfleT 3H3K ranbKO mhmmom 



3aTeM yMHO>KaeT curHan 
AaHHbix, BbiAaBaeMbiM M3 sneMeHTa 3aAep>KKn 
315, Ha cuman oi^eHKH KaHana, BbiAaBaeMbifi M3 

yCTpOMCTBa COnpPJKeHUP 318, HT06bl TaKUM 

o6pa30M KOMneHcupoBaTb ncKa>KeHne KaHana, 
nponcxoA^LLiee, nora cuman AaHHbix npoxoAUT 
nepe3 KaHan. BbinieonncaHHbie sneMeHTbi 311 - 
319 cocTaBnmoT npneMHUK ppn oahoto TpaKTa. 
Onr.3 unniocTpupyeT npneMHUKU Ann N TpaKTOB 
c npeAnono>KeH/ieM, hto cumanbi npuHUMaioTca 
nepe3 N TpaKTOB. 

06"beAHHMTenb 320 o6-beAHH^eT cumanbi, 
npMH^Tbie Mepe3 cooTBeTCTByioiAMe TpaKTbi. KaK 
yTBep>KAanocb Bbiine, BXOAHbie cumanbi k 
sneMeHTaM 311 - 319 v\ BbixoAHbie cumanbi H3 
hmx ABnaioTCfl KOMnneKCHbiMM curHanaMM. 
nosTOMy BbixoAHoCi cuman o6-beAMHMTena 320 
TO>Ke ecTb KOMnneKCHbiCi cuman, TaK hto 
BbixoAHoii cuman 06-beAHHHTenn 320 MO>KeT 
6biTb pa3AeneH Ha AePicTBHTenbHyio MacTb n 
MHHMyio MacTb. MynbTunneKcop 321 3aTeM 
MynbTunneKcupyeT AePicTBHTenbHbiPi cuman n 
MHUMbiM cuman, BbiAaBaeMbie M3 
o&beAUHHTenn 320, HTo6bi npeo6pa30BaTb nx b 
oamh noTOK AaHHbix. YcTpoMCTBO o6pameHHoro 
nepeMe>KeH^fi 322 BoccTaHaBnuBaeT 
nepBOHananbHyio nocneflOBaTenbHOCTb 
BbixoAHoro cumana MynbTunneKcopa 321, 
Hra6bi BoccTaHOBMTb nocneAOBaTenbHOCTb 6ht 
KOTopbie 6binn nepeMe>KeHbi b 
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nepeAamuKe a™ npeofloneHUfi oluu6ku naKeTa, 
b nepBOHaManbHyio nocneAOBaTenbHOCTb. 
flewkicppaTop 323 ASKOAMpyeT BbixoAHofi 
CHman ycTpoficTBa o6paiAeHHoro nepeMexeHHH 
322, MTo6bi BoccTaHOBMTb AeKOflnpoBaHHbie 
curHa/ibi, ncnojib3yfl koa c KoppeKU,nefi olum6ok, 
KOTopbifi 6bin ncnorb30BaH b nepeAaTMMKe ppn 
npeoAoneHHfl owhcok, npoMcxoASLAMX bo BpeMfi 
nepeAaMM. 

$nr.7 nnniocTpnpyeT ycTpoitfcTBO ou,eHKM 
KaHana 316 c cpnr.3 cornacHO nepBOMy 
BonnoLAeHMKD, b cnynae, rAe cpyHKU,i<ifl TSTD 
ocymecTBneHa o ncnonb30BaHneM AByx aHTeHH. 
YcTpo^cTBO oi^eHKM KaHana 316 npuHMiwaeT 
nunoTHbie onmajibi c cpnr.4E, Korapue 6binn 
BbiAeneHbi n cyMMnpoBaHbi nwnoTHbiM 
cenapaTopoM 314. TaioKe Ha ycTpoficTBO ol^hkh 
KaHana 316 noAaH cnma/i cpnara TSTD, 
BbiAaBaeMbiti H3 HenoKa3aHHoro KOHTponnepa. 
KorAa cpyHKL4Hfl TSTD He ncnonb3yeTCH (cpnar = 
NOTSTD), KOMMyTaTop 716 b ycTpoMCTBe 
ou,eHKH KaHana npucoeAMHeH k yMHO>KMTenio 
714. OAHaKo, KorAa cjDyHKU,MiR TSTD 
nononb3yeTCfi (cpnar = TSTD), KOMMyTaTop 716 
npucoeAHHeH k yMHO>KMTenio 715. Eycpepu 711 
h 712 Kax<AbiM xpaH«T cyMMupoBaHHbie u 
BbiAaBaeMbie 3HaMeHna Ana nunoTHbix 
cnmanoB, BKnioMeHHbie b oamh 6noK AaHHbix, u 
3aAep>KMBaK3T mx A° Tex nop, noKa He 6yAyT 
npUHHTbl oyMMnpoBaHHbie 



b cneAyromuM 6noK AaHHbix. 

KorAa cpyHKU,Mfl TSTD He ucnonb3yeTC?i 
(cpnar = NOTSTD), cumanbi, nepeAaBaeMbie ot 
nepeAaTHMKa, MMeioT cpopMaT c cpur.lC, u 
KOMMyTaTop 716 noflKnioMeH k yMHO>KMTenio 714. 
noaTOMy, KorAa nunoTHbie cumanbi ppa 
npuHMMaeMoro b HacTOflii^ee BpeMH 6noKa 
AaHHbix oyMMnpywrefl n BbiflaioTCfl, sto 
3HaneHne nnHe^HO o6-beflHHfleTCH o 

CyMMUpOBaHHblMH H BblflaBaeMblMU 3HaHeHMflMH 

cumanoB b npeflbiflymeM 
6noKe flaHHbix, hto6n ou,eHHTb 
la, nonyneHHoe, noKa 
npeAbiAyLAMe npuH^Tbie AaHHbie, 3anncaHHbie b 
sneMeHTe 3aAep>KKH 315, npoxoA^T Mepe3 
KaHan. B pe3ynbTaTe, KorAa cnmanbi 
nepeAatoTGfi 6e3 ncnonb30BaHHH cpyHKU,nn 
TSTD, yoTpoMCTBo OLieHKM KaHana 316 
3aAep>KHBaeT npuHfiTbie nunoTHbie cnmanbi Ha 
oamh 6noK AaHHbix. 

flononHHTenbHO, yMHO?KHTSJib 713 yMHO>KaeT 
cyMMnpoBaHHbie n BbiAaHHbie 3HaneHnn a™ 
nunoTHoro ckimana b npuHUMaeMOM b 
HacToaiAee BpeMfl 6noKe AaHHbix Ha nepByio 
nooneAOBaTenbHOOTb K03cpcpnu,neHTOB Co(m), 
a yMHO>KHTenb 714 yMHoaraeT cyMMnpoBaHHbie w 
BbiAaHHbie 3HaneHHfl a™ nunoTHoro cumana b 
npeABapnTenbHO npuH^TOM onoKe AaHHbix Ha 
BTopyio nocneAOBaTenbHOCTb K03Cpcpnu,neHTOB 
C-i (m). CyMMarap 718 oyMMnpyeT BbixoAHbie 
3HaneHHfl yMHOXHTenefi 713 n 714. 
CooTBeTCTBeHHO, KorAa cpyHKU,nfl TSTD He 
ncnonb3yeTca, BbixoAHoe 3HaneHMe oyMMarapa 
718 CTaHOBHToa BennHUHoPi ol^hkh ncKa>KeHHfl 
KaHana a™ AaHHbix, BKnioHeHHbix b 
npeAbiAyLLl M ^ 6noK AaHHbix. 

OAHaKo, KorAa nepeAaTHHK nepeAaeT 
onrHanbi, Mcnonb3ya cpyHKU,nio TSTD (cpnar = 
TSTD), nepeAaBaeMbie curHanbi HMeioT 
cpopMaTbi c cpnr.4A n 4B. 3Aecb, KaK 6bino 
OKa3aHO Bbiiue, nepeAaTHHK ncnonb3yeT ABe 
nepeAaiomne aHTBHHbi, HTo6bi BbinonHHTb 
cpyHKUHio TSTD. Xots 6noKH naHHbix 
nepeAaioTca b cpopMaTax c cpnr.4A n 4B, 



KoppenfiTop b npneMHMKe, UMeiomeM OAHy 
aHTeHHy, npuHUMaeT 6noKH AaHHbix b cpopMaTe 
c cpur. 4C n OKMMaeT npuHATbie AaHHbie, HTo6bi 
M3BneMb AaHHbie KaHana Ann 
cooTBeTCTByioLnero nonb30BaTenfl. 

Ha cpur. 4C, nocKonbKy 

HeTHO-HyMepoBaHHbie 6noKM AaHHbix DATAO, 
DATA2 h DATA4 n HeHeTHO-HyMepoBaHHbie 
6noKH AaHHbix DATA1 u DATA3 nepeAaioTca o 
ncnonbsoBaHueM AByx pa3Hbix aHTeHH, ou,eHKa 
KaHana Aon>KHa BbinonHHTbca OTAenbHO Ana 
HeTHO-HyMepoBaHHbix 6noKOB AaHHbix n 
HeneTHO-HyMepoBaHHbix 6noKOB AaHHbix. To 
ecTb, OL^eHKa KaHana Ann HeTHO-HyMepoBaHHbix 
6noKOB AaHHbix AO^>KHa 6biTb BbinonHeHa c 
ncnonbsoBaHneM nunoTHbix cumanoB b 
HeTHO-HyMepoBaHHbix 6noKax AaHHbix. TaK, 
npwHHTbie nunoTHbie curHanbi ao^hh 6biTb 
3aAep>KaHbi, ncnonb3ya Asa 6ycpepa 711 n 712, 
AO Tex nop, noKa nunoTHbie curHanbi b 
cneAyiomeM MeTHO-HyMepoBaHHOM 6noKe He 
6yAyT npuHATbi ana ou,eHKH KaHana. 
KOMMyTaTop 716 3aTeM npucoeAUHfleTca k 
yMHOwnTenio 715. 

B to BpeMfl, KaK KOMMyTaTop 716 
npucoeAMHeH k yMHO>KHTenio 715, yMHO>KHTenb 
713 yiviHowaeT cyMMnpoBaHHbie n BbiAaBaeMbie 
3HaMeHHH Anf nunoTHbix curHanoB b TeKyu^e 
npuHMMaeMOM 6noKe AaHHbix Ha nepByio 
nocneAOBaTenbHOCTb KoscpcpnL(neHTOB C 0 (m), 
a yMHOWMTenb 715 yMHO>KaeT cyMMwpoBaHHbie m 
BbiAaBaeMbie BennHMHbi pjw\ nunoTHbix 
curHanoB b npeAbiAyLLl eM npuH^TOM 6noKe 
AaHHbix Ha TpeTbio nocneAOBaTenbHOCTb 
KoacpcpMLineHTOB C 2 (m). To ecTb, ecnn TeKyme 
npuHMMaeMbiti 6noK AaHHbix ecTb 
HeTHO-HyMepoBaHHbiM 6noK AaHHbix, 
cyMMnpoBaHHbie n BbiAaBaeMbie 3HaneHHJi Ann 
nmioTHbix cumanoB b TeKyii^e npHHUMaeMoM 
6noKe AaHHbix n npeAbiAym M ^ npuHHTbiM 
HeTHO-HyMepoBaHHbiR 6noK AaHHbix 
yMHOKawTCfl Ha nepByio n TpeTbio 
nocneAOBaTenbHocTM K03Cpcpnu,neHT0B C 0 (m) n 
C 2 (m), cooTBeTCTBeHHo. AnbTepHaTMBHO, ecnn 
TeKyme npuHUMaeMbiM 6noK AaHHbix ecTb 
HeneTHO-HyMepoBaHHbiM 6noK AaHHbix, 
cyMMnpoBaHHbie n BbiAaBaeMbie 3HaneHHfl An^ 
nunoTHbix curHanoB b TeKyme npuHUMaeMOM 
6noKe AaHHbix n npeAbiAyLLl M ^ npuHfiTbiR 
HeneTHO-HyMepoBaHHbiM 6noK AaHHbix 
yMHO>«aioTcn Ha nepByio m TpeTbio 
nocneAOBaTenbHocTM KoscpcpnL(neHTOB C 0 (m) n 

C 2 (m), COOTBSTCTBSHHO. 

CyMMaTop 718 ctcnaAbiBaeT BbixoAHbie 
cumanbi yMHOJKHTenefi 713 n 715, n bhxoa 
cyMMarapa 718 CTaHOBMTcn BennHUHoii oi^eHKM 
ncKajKeHMfl KaHana pfw AaHHbix, BKnioHeHHbix b 
npeAbiAyLA^^ HeTHO-HyMepoBaHHbiM nnn 
HeneTHO-HyMepoBaHHbiM 6noK AaHHbix. riepBaa, 
BTopan m TpeTbfl nocneAOBaTenbHOCTH 
KoscpcpMLjueHTOB C 0 (m), C^m) n C 2 (m) Ana 
yMHO>KMTeneM 713, 714 n 715, cooTBeTCTBeHHo, 
qBnqioTCfl nocneAOBaTenbHOCT^Mn 
KoacpcpMLineHTOB, Mcnonb3yeMbiMH Ann OL^eHKH 
BenMHMH npoMexyTKOB n onpeAeneHna pa3Mepa 
(T.e. A^inHbi) nocneAOBaTenbHOCTePi 

KOSCpCpML^MeHTOB B 3aBHCMMOCTM OT KOnHHeCTBa 

no3Mi^nPi flaHHbix b 6noKe flaHHbix. nosTOMy 
KaHan MoxeT t)biTb oi^eHeH cornacHO no3HL^MAM 
flaHHbix b npMHATOM 6noKe flaHHbix. Korfla 
cumanbi nepeflaioTcs c ncnonb30BaHneM 
cpyHKL^nn TSTD, npoMe>KyTOK Me>Kfly flByMa 
3Ha<-ieHHJiMi/i Ann cyMMnpoBaHHbix n 
BbiAaBaeMbix nunoTHbix cumanoB oTnunaeTcfl 
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ot cnyMafl, rfle cpyHKL^a TSTD He 
nononb3yeTCfl. llosTOMy nepBaa, BTopaa m 
TpeTbfl nooneAOBaienbHOCTH 
K03ctx£nL(MeHT0B C 0 (m), C-i(m) v\ C 2 (m) ppst 
yMHO>KMTejiefi 713, 714 v\ 715, cooTBeTCTBeH ho , 

flOJDKHbl 6blTb H3MeHeHbl. 

$nr.8 MiiniocTpupyeT ycTpowcTBO OL\eHKM 
KaHana 316 c cpnr.3 cornacHO BTopoMy 
BonnoifleHHio. KaK onucaHO Bbiwe go ccbinKoi* 
Ha (fur. 7, oi^eHKa KaHana BbinonHseTCft Ann 
cooTBeTCTByioinMX no3HL(n^ flaHHbix nyTeiw 
BbinonHeHU^ nMHefiHofi onepaL(MM c 
ncnonb30BaHneM flByx cyMMnpoBaHHbix u 
BbiflaBaeMbix BennHUH fljis nimoTHbix cumanoB. 
OflHaKO, Ha epnr.8 oi^eHKa KaHana BbinonHfieTcfl 
Pflfl cooTBeTCTByici^nx no3ML^MM flaHHbix nyieM 
BbinoriHeHU^ nkiHefiHoti onepai_(nn c 
ncnonb30BaHneM M cyMMnpoBaHHbix u 
BbiflaBaeMbix BennnnH nnfl nnnoTHbix cumanos. 

XoTfl cnocoobi oi^eHKM KaHana, 
ncnonb3yicinMe ycTpotfcTBa oi^eHKH KaHana, 
onucaHHbie 3flecb co ccbinKOM Ha cpnr.7 n 8, 
TeopeTMMecKM nfleHTHMHbi flpyr flpyry, ohm 
BbinoriHeHbi no-pa3Hon/iy. Ha cpnr.7 oyqbepbi 711 
n 712 HMeioT oflUHaKOBbie pa3Mep 6yqbepa n 
Bpen/ia 3aflep>KKM. OflHaKO, Ha qbnr.8 ooecneHeH 
KOHTponnep pa3Mepa oycpepa (nnn flnnHbi) 81 1 
Arm ynpaBneHUfl oyqbepaMM 812 - 817. To ecTb, 
Korfla ycTpotfcTBO oi^eHKM KaHana 316 
npuHUMaeT CMman cpnara (cpnar = NOTSTD), 
npeflCTaBnatoLfluti, mto cpyHKL^a TSTD He 
ncnonb3yeTcq, KOHTponnep pa3Mepa oycpepa 
811 3anncbiBaeT cyMMnpoBaHHbie u 
BbiflaBaeMbie 3HaHeHua flnn nunoTHbix cumanoB 
b HacTOflineM 6noKe flaHHbix b 6ycpepax 812-817 
h BbiflaeT 3anncaHHbie BenwMHHbi no npnewiy 
cyMMnpoBaHHbix n BbiflaBaeMbix 3HaMeHuCi flna 
nunoTHbix cumanoB b cneflyraineM 6noKe 
flaHHbix, MTo6bi 3anncaTb cyMMnpoBaHHbie m 
BbiflaBaeMbie BennnnHbi nunoTHbix cumanoB b 
oneflyioiiieM 6noKe flaHHbix b 6ycpepbi 812-817. 

OflHaKO, no nonyHeHMM ci/imana cpnara 
(cpnar = TSTD), npeflCTaBnaiomero, mto 
qbyHKL(Mfl TSTD ncnonb3yeTCfl, KOHTponnep 
pa3Mepa oycpepa 811 3anncbiBaeT flBe 
Berii/iHi/iHbi, onpeflenneMbie nyieM 
cyMMi/ipoBaHi/iJi n Bbiflann nunoTHbix cumanoB b 
oycpepax 812-817, n BbiflaeT nepBoe BxoflHoe 
3HaMeHne H3 flByx 3HaneHMM no nonyMeHnn 
cyMMi/ipoBaHHoro n BbiflaBaeMoro 3HaHeHMfl flnn 
nunoTHbix cumanoB b cneflyraineM 6noKe 
flaHHbix, htooh 3anncaTb cyMMnpoBaHHbie n 
BbiflaBaeMbie 3HaneHMfl flnn nunoTHbix cumanoB 
bo BHOBb npuHMMaeMOM onoKe flaHHbix. TaKMM 
o6pa30M, ycTpoiicTBO OL^eHKM KaHana 316 mokgt 
nonynnTb tot *e pe3ynbTaT, KaK ycTpotfcTBO Ha 
cpnr.7, KOTopoe ncnonb3yeT KOMMyTarap. Kpon/ie 
Toro, pa3Mep nocneflOBaTenbHOCTM 

KoscpcpuL^neHTOB flnfl yMHroKHTenetf 818-823 

3aBMCMT OT KonnHecTBa n03HL(H£l flaHHblX B 

6noKe flaHHbix. Bonee raro, KaK b onyMae c 
cpnr.7, pa3Mep nocneflOBaTenbHOCTM 
KoscpcpHL^neHTOB b cnyHae, rfle qbyHKL(Hfl TSTD 
He ncnonb3yeTCH, flon>KeH 6biTb OTnuHHbiM ot 
TaKOBoro b cnynae, rfle cpyHKL^nn TSTD 
ncnonb3yeTcyi. 

B. BTopoe BonnoineHMe 

4>nr. 9 unmccTpupyeT npneMHMK flnn 
noflBH>KHOM CTaHL^nn Ann npneMa flaHHbix, 
nepeflaBaeMbix ot 6a30BoPi CTaHL(MM, 
noflqep>KHBaicineM cpyHKLiMio TSTD, cornacHO 
BTopoMy Bonnoii^eHnic HacTonmero 
n3o6peTeHna. npneMHUK c cpnr.9 npeflHa3HaMeH 
npuHUMaTb flaHHbie KaK b pewHMe pa6oTbi 
TSTD, TaK n b pe>KHMe pa6oTbi He-TSTD. 



npHeMHUKflTfl nOflBHWHOfi CTaHL(HH BKnioHaeT N 

naHenew 901-90N. flna yfloGcTBa onuoaHne 
3flecb cocpeflOTOMeHO TonbKO Ha oflHo^i naHenn. 
KpoMe Toro, xotr Ka>Kflafl naHenb 
o6pa6aTbiBaeT curHanbi nyTeM pa3fleneHna nx 
Ha cumanbi l-KaHana n cumanbi Q-KaHana, 
3flecb flaHO onucaHne npoL^ecca npneMa 
cumanoB 6e3 pa3fleneHM^ cumanoB comacHO 
KaHanaM, flnfl u,eneii ynpoii^eHUfl. Ka>Kflafl 
naHenb MMeeT flBa TpaKTa ana cumanoB 
l-KaHana n cumanoB Q-KaHana. 

KaK flanee noKa3aHO Ha (fur. 9, KOMMyTaTop 
910 Bbi6npaeT cuman, BbiflaBaeMbiM M3 
fleMOflyn^Topa (He noKa3aH), pacnono>KeHHoro b 
npeflbiflymeW cTyneHU BbiBOfla 901. PN 
(nceBflonjyMOBoe) ycTpoi^cTBO OKaTMfi 911 
yMHO>KaeT Bbi6paHHbiti curHan Ha PN 
nocneflOBaTenbHOCTb, MTo6bi c>KaTb Bbi6paHHbM 
cuman. KoMnneKOHoe PN yoTpoticTBO OKaTMfi 
MO)KeT 6biTb ncnonbsoBaHO ppn PN ycTpoMCTBa 
OKaTMfi 911. OpToroHanbHoe ycTpoMCTBO 
oxaTun 912 yMHO)KaeT curHanbi, BbiflaBaeMbie 
us PN ycTpoticTBa OKaTHfl 911, Ha 
cooTBeTCTByioiiinti opToroHanbHbiPi koa flnn 
Toro, mto6n BbiflennTb cuman fln^ 
oooTBeTCTByioine^ naHenn M3 BbixoflHbix 
cumanoB PN ycTpoiicTBa OKaTnw 911. 3flecb 
Ann opToroHanbHoro KOfla MO>KeT 6biTb 
ncnonb30BaH koa yoniiia. BnoK cyMMnpoBaHun n 
BbiflaHM 913 cyMMnpyeT n BbiflaeT curHanbi, 
BbiflaBaeMbie us opraroHanbHoro ycTpoCicTBa 
OKaTMfl 912. 

nunoTHbM cenaparap 914 BbiflenneT 
nMiioTHbie curHanbi n curHanbi flaHHbix H3 
cumanoB, BbiflaBaeMbix us 6noKa 
cyMMnpoBaHMfl n Bbiflann 913. YcTpotfcTBO 
OLjeHKH KaHana 916 npuHUMaeT nunoTHbie 
cumanbi, BbifleneHHbie nunoTHbiM cenaparapoM 
914, m ycTaHaBnuBaeTcs b pe>KHM pa6oTbi TSTD 
mjim pe>KMM pa6oTbi He-TSTD, cornacHO cumany 
qtinara TSTD, BbiflaBaeMOMy M3 KOHTponnepa 
(He noKa3aH). YcTpoi^cTBO OL(eHKM KaHana 916 
aHann3npyeT nnnoTHbie curHanbi, BbiflaBaeMbie 
M3 nunoTHoro cenapaTopa 914 cornacHO 
ycTaHOBneHHOMy pe>KMMy pa6oTbi, HTo6bi 
ou,eHMTb KaHan ycTpoiicTBO conpn>KeHnn 918 
conparaeT BbixoflHoR curHan ycTpoiicTBa oi4eHKH 
KaHana 916. 

3neMeHT 3aflep>KKn 915 npuH^MaeT cumanbi 
flaHHbix, BbiflaBaeMbie H3 nunoTHoro 
cenapaTopa 914, m ycTaHaBnnBaeTcn b pexwM 
pa6oTbi TSTD nnn He-TSTD cornacHO cumany 
cfnara TSTD, BbiflaBaeMOMy m KOHTponnepa. 
3neMeHT 3aflep>KKM 915 3aflep>KMBaeT flaHHbie 
Ha oflHy rpynny b pewuMe pa6oTbi He-TSTD m Ha 
KonnnecTBO rpynn flaHHbix, cooTBeTCTByioi^ee 
KonnMecTBy ncnonb3yeMbix aHTeHH b pe>KHMe 
paGoTbi TSTD. YMHOWHTenb 919 yMHO>KaeT 
curHanbi flaHHbix, BbiflaBaeMbie M3 aneMeHTa 
3aflep>KKn 915, Ha conpjuKeHHbifi cuman ou,eHKH 
KaHana, BbiflaBaeMbie M3 ycTpoficTBa 
conpq>KeHH5! 918, HTo6bi reHepupoBaTb 
BbixoflHoPi cuman cooTBeTCTByioineM naHenn 
901. SneMeHT 3aflep>KKM 915 n yMHO>KHTenb 919 
cocTaBnfiioT KOMneHcaTop KaHana. 

nepBbifi o6-beflHHMTenb 920 o6-beflMHfleT 
cumanbi KOMneHcai^nn KaHana F1-FN, 
BbiflaBaeMbie ot cooTBeTCTByioinnx naHeneii 

901 -90N. YCTpOMCTBO Ol^eHKM MOlflHOCTH 

cumana 921 npuHUMaeT nunoTHbie curHanbi, 
BbifleneHHbie nunoTHbiM cenaparapoM 914, n 
ycTaHaBnuBaeTcn b pe>KHM pa6oTbi TSTD nnn 
He-TSTD, cornacHO cumany cpnara TSTD, 
BbiflaBaeMOMy H3 HenoKa3aHHoro KOHTponnepa. 

YCTpOfiCTBO OL^eHKM MOlflHOCTM cuTHana 921 
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MOLU,HOCTb OyMMMpOBaHHblX M 

3HaMeHMM flnfi n^noTHbix 
CMmanoB, BbiflaBaeMbix M3 nMnoTHoro 
cenaparapa 914. Brapofi o6-beAMHMTenb 922 
o6-beflMHfieT cwmanbi ol^hkm molahoctm P1 - 
PN, BbiAaBaeMbie M3 ycTpoiicTB ou,eHKM 

MOl^HOCTM CMmana B COOTBeTCTByiOLUMX 

naHejinx 901 - 90N. 

YcTpoPicTBO oi^eHKH moluhoctm noMex 923 
oi^eHMBaeT npuHUMaeMyio Moiii,HOCTb CMmana 
noMex. Meiib Toro, hto npneMHMK Ann 
noABHWHofi CTaHi^nn oi^eHMBaeT npuHUMaeMyio 
MomHOCTb CMmana noMex, coctomt b tom, 
HTo6bi ynpaBJi^Tb Mou^HOCTbio nepeAaMM 
nepeAaTHHKa Ann 6a30BOM CTaHU,MM b 

3aBMCMMOCTM OT npMHMMaeMOM MOLflHOCTM 

wenaeMoro CMmana, oi4eHMBaeMoro 
ycrpoMCTBOM oi^eHKH molu,hoctm CMmana 921 , v\ 
OTHOiueHMq cMman-wyM (SIR), oi^eHMBaeMoro 
ycTpoiicTBOM 014©hkm MOL14HOCTM wyMa 923. 

YMHO>KHTejib 924 yMHO>KaeT bwxoahom 
CMman BToporo oGhepyinvnenn 922 Ha 
BbixoflHOM cm man ycrpoMCTBa ol^hkm moluhoctm 
noMex 923, KorapuM BbiAaeT oopaTHyio 
BeriMHMHy moluhoctm noMex nyTeiu oi^eHKM 
moluhoctm cumajia noMex. YMHOKUTenb 924 
noAaeT cbom BbixoAHOM CMman k pewaioLneMy 
ycrpoMCTBy 925, KOTopoe cpaBHMBaeT bxoa SIR 
c noporoBbiM 3HaMeHneM, MTo6bi BbiAaTb 
KOMaHAy ynpaBneHMfi MOLUHOCTbio, Korapafi 
Aori>KHa 6biTb nepeAaHa k nepeflaTHMKy 6a30B0M 
CTaHi^Mi/i. Peiiiaioi^ee ycTpoMCTBO 925 nepeAaeT 
KoiwaHAy yBennHeHMfl molahoctm k 6a30BOM 
CTaHi^MM, KorAa SIR HMJKe, HeM noporoBoe 
3HaqeHne, m nepeAaeT KOMaHfly CHn>KeHns 
moluhoctm k 6a30BOM CTaHi^MM, KorAa SIR Bbiwe, 
neM noporoBoe 3HaHeHue. 

nepBbiW o6T=eAMHMTenb 920 o6T=eauHfleT 
CMmanbi KOMneHcai^uu KaHana F1-FN, 
BbiflaBaeMbie ot yMHO>KMTenetf 919 b 
cooTBeTCTByioLUMx naHexiflx 901-90N, a BTopotf 
06-beAHHHTe/ib 922 06-beflMHfleT CMmaribi 

Ol^eHKM MOlflHOCTM P1 - PN, OL^HMBaeMbie 

ycTpoMCTBaMM oL^eHKM moluhoctm CMmana 921 B 
cooTBeTCTByromux naHenax 901-90N. 

KorAa npneMHMK c cpnr.9 npuHMMaeT AaHHbie 
b pex<MMe pa6oTbi TSTD, cpopMaTbi CMmanoB, 
reHepupyeMbix b cooTBeTCTByidflMX CTyneHax, 
6yAyT TaKHMH x<e, KaK TaKOBbie, onucaHHbie b 
nepBOM BonnomeHMn co ccbinKOM Ha cpnr.4A-4G. 

nunoTHbiM cenapaTop 914 BbiflenaeT 
nunoTHbie CMmanbi n cumaribi flaHHbix M3 
rpynnw flaHHbix n noAaeT BbifleneHHbie 
nunoTHbie CMmanbi k ycrpoMCTBy ol^hkm KaHana 
916 n ycTpoMCTBy oi^eHKM moluhoctm cumana 
921. KpoMe Toro, nunoTHbiti cenapaTop 914 
noAaeT CMman AaHHbix k aneMeHTy 3aflep>KKM 
915. riMJioTHbiK cenapaTop 914 HMeeT Ty we 
CTpyKTypy, KaK n b nepBOM BonnomeHnn, 
onucaHHyio co ccunKOM Ha cpur. 5. TaioKe, 
paooTa nunoTHoro cenaparapa 914 nponcxoAUT 
TaKUM we o6pa30M, KaK b nepBOM BonnomeHnn. 

SneMeHT 3aAep>KKH 915 3aTeM 3aAep>KMBaeT 
CMmanu AaHHbix, BbiAe/ieHHbie nmioTHbiM 
cenaparapoM 914, cornacHO cumany cpnara 
TSTD. To ecTb, aneMeHT 3aAep>KKM 915 
3aAep>KHBaeT cumanbi AaHHbix Ha OAHy rpynny 
AaHHbix, KorAa curHan cpnara TSTD o6o3HanaeT 
pe>KHM He-TSTD. AnbTepHaTMBHO, aneMem 
3aflep>KKn 915 3aflep>KMBaeT cwrHanbi flaHHbix Ha 
KonnMecTBO rpynn AaHHbix, cooTBeTCTByiomee 
KonnnecTBy aHTeHH, ncnonb3yeMbix Ana 
nepeAaTHMKa, KorAa curHan cpnara TSTD 
o6o3HanaeT pe>KHM TSTD. SneMeHT 3aAep>KKM 
915 MoweT 6biTb CKOHCTpynpoBaH, KaK noKa3aHo 



Ha cpur. 6. 3Aecb pacoTa sneMeHTa 3aflep>KKM 
915 BbinonHHeTCfl TaKUM >Ke o6pa30M, KaK b 
nepBOM Bonnou^eHMM. 

YcTpoMCTBO ou,eHKM KaHana 916 c cpnr.9 
npuHMMaeT nunoTHbie curHanbi c cpur. 4E, 
BbiAaBaeMbie M3 nunoTHoro cenaparapa 914. 
KorAa cpnar TSTD o6o3HanaeT cpyHKU,HK3 
He-TSTD (cpnar = NOTSTD), ycTpoficTBO ou,eHKH 
KaHana 916 oi^eHMBaeT ycnoBue ranbKO oflHoro 
KaHana. OflHaKO, KorAa cpnar TSTD o6o3HanaeT 
cpyHKL^Mio TSTD (cpnar = TSTD), ycTpowcTBO 
oi^eHKM KaHana 916 oi^eHMBaeT CTonbKO 
KaHanoB, KaKOBO KonnqecTBO nepeflaioii^MX 
aHTeHH. YcTpoMCTBO oi^eHKM KaHana 916 MO>KeT 
MMeTb Ty >Ke CTpyKTypy, KaK CTpyKTypa Ha 
cpnr.7. YcTpoticTBO oi^eHKH KaHana Ha cpur. 7 
ocymecTBneHO c npeflnono>KeHneM, hto 
cpyHKLj,Kisi TSTD BbinonHfleTca c 
ncnonb30BaHneM AByx aHTeHH. KpoMe raro, 
ycTpoMCTBO OL(eHKM KaHana 916 AeticTByeT 
T3KMM we o6pa30M, KaK M b nepBOM 
Bonnoii(eHnn. 

flononHHTenbHO, npneMHoe ycTpoficTBO nnn 
noABM>KHOM CTaHi^MM oi4eHHBaeT ncKaweHne 
KaHana, MTo6bi KOMneHcupoBaTb ncKaweHne 
OLieHUBaeMoro KaHana, a TaioKe oi^eHUBaeT 
Moii(HOCTb npHHHMaeMoro cnrHana noABM>KHo£i 
CTaHi4MM, ncnonb3ya nunoTHbie curHanbi. Tenepb 
6yAeT abho onncaHne onepaLinn oi^eHKM 

MOLL(HOCTM npMeMa nOflBHWHOll CTaHL^MM. 

Our. 10 unniocTpupyeT ycTpoPicTBO oi^eHKM 
mou^hocth cnrHana 921 c cpnr.9, KOTopoe 
oi^eHMBaeT Moi^HOCTb npHHHMaeMoro cumana. 
YcTpoRcTBo oi^eHKM MoiAHOCTM CMmana 921 
ycTaHaBnuBaeTca b pe>KHM pa6oTbi TSTD nnn 
He-TSTD cornacHO cumany cpnara TSTD, 
BbiflaBaeMOMy W3 KOHTponnepa. 

M3MepMTenb moiahocth 1012 npuHUMaeT 
cyMMnpoBaHHbie ia BbiflaBaeMbie 
cumanbi, BbiflaBaeMbie us 
cenaparapa 914, no OTflenbHOCTM bo3boaht b 
KBaflpaT nx fleticTBHTenbHyio nacTb v\ MHMMyio 
HacTb m cyMMnpyeT nx. nepeKniOHaTenb 1014, 
npucoeflMHeHHbiii k H3MepnTenio moiahocth 
1012, nepeKmonaeTcsi b nonoweHne BKJ1 v\m 
BblKJl cornacHO cumany cpnara TSTD. To ecTb, 
nepei<nioHaTenb 1014 nepewnoHaeTcyi bo BKJ1 b 
pe>KHMe pa6oTbi TSTD, Hra6bi coeAHHHTbCfl c 
BbixoflOM M3MepnTerifi moluhocth 1012. 

flononHHTenbHO, nepeKmonaTenb 1014 
MO>KeT 6biTb nepei<nioHeH bo BKJ1 hhm BblKJl b 
pe>KHMe pa6oTbi He-TSTD, Hra6bi coeA^HfiTb 
nnn pa3"beflHHqTb Bbixofl n3MepnTenn moiahoctm 
1012 c 6ycpepoM 1016. Bycpep 1016 
3anncbiBaeT oi^eHKy moiahoctm, BbiAaBaeMyio ot 
nepennioHaTena 1014, m 3aflep«MBaeT 3HaHeHne 
oi^eHKH moiahoctm a° Tex nop, noKa He 6yAyT 
npMHqTbi nunoTHbie cumanbi Ana cneflyioiflero 
6noKa flaHHbix. Bycpep 1016 MoxeT xpaHHTb 
cyMMnpoBaHHbie n BbiflaBaeMbie 3HaHeHna flnn 
nunoTHbix cumanoB b oahom 6noKe AaHHbix m 
3aAep>KHBaeT 3anncaHHoe 3HaneHne flo Tex nop, 
noKa He 6yfleT npuHfiTO cyMMnpoBaHHoe n 
BbiAaBaeMoe 3HaMeHnn Ana nunoTHbix curHanoB 
b cneAyiou^eM 6noKe AaHHbix. CyMMarap 1018 
cyMMnpyeT buxoahom curHan M3MepnTena 
moiuhocth 1012 c BbixoAHbiM cnmanoM tiycpepa 
1016, Hra6bi BbiAaTb MomHOCTb CMmana Ann 
cooTBeTCTByioineM naHenn. 

Tenepb 6yAeT AaHO onMcaHMe pa6oTbi 
ycTpoMCTBa oi^eHKM MOL14HOCTM CMrHana 921 co 
ccbinKOM Ha cpnr.10. Cumanbi, BXOAfli^Me b 
ycTpoMCTBO oLieHKM moiahoctm CMmana 921, 
ecTb cyMMMpoBaHHbie m BbiAaBaeMbie 3HaneHMfl 
Anq nMnoTHbix CMrHanoB, BbiAeneHHbix 
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nunoTHbiM cenaparapoM 914. flanee, 
cyMMnpoBaHHbie n BbiflaBaeMbie 3Havemw 
BKmoHaioT cyMMnpoBaHHoe n BbiflaBaeMoe 
3HaMeHna flns nnnoTHbix cnmanoB, 
nepeAaBaeMbix Mepe3 l-KaHan, n 
cyMMnpoBaHHoe n BbiflaBaeMoe 3HaMeHnn flna 
nunoTHbix cnmanoB, nepeflaBaeMbix Mepes 
Q-KaHan. M3MepMTenb moahocth 1012 
npuHMMaeT cyMMnpoBaHHbie n BbiAaBaeMbie 
3HaMeHna Ana nnnoTHbix cnmanoB, 
nepeAaBaeMbix KaK Mepe3 l-KaHan, TaK h Mepe3 
Q-KaHan. M3MepnTenb moahocth 1012 
pa3flenbHO bo3boaht b KBaApaT 
cyMMnpoBaHHyfo m BbiflaBaeMyio BennnnHy Ana 
nunoTHbix cumaJioB, nepeflaBaeMbix Hepe3 
l-KaHan, n BbiflaBaeMyio BenMMMHy Ann 
nunoTHbix cnmanoB, nepeflaBaeMbix Hepe3 
Q-KaHan, n 3aTeM cyMMnpyeT nx. 

nepeicnioMaTenb 1014 no3BonaeT 

yCTpOMCTBy OL(eHKM MOLL(HOCTM cnrHana 921 

paooTaTb b pe>KHMe TSTD nnM b pe>KMMe 
He-TSTD cornacHO CMmany canary TSTD ot 
KOHTponnepa. Korfla ycTponcTBO oueHKM 
moluhoctm cnmana 921 pa6oTaeT b pe>KHMe 
TSTD (cpnar - TSTD), nepeKfiKwaTe/ib 1014 
ycTaHOBreH b BKJ1, MTo6bi coeflHHHTbCfi c 
M3MepnTeneM moluhoctm 1012. CyMMaTop 1018 
3aTeM cyMMnpyeT BbixoflHoti cm man oycpepa 
1016, KOTopbitf xpaHMT 3HaMeHue oi^eHKM 
npnHMMa6M0M molahocth a™ npeflbiAyAero 
6noKa flaHHbix, co 3HaMeHneM ol^hkm 
npMHUMaeMoti moluhoctm Ann HacToflmero 
6noKa AaHHbix, BbiflaBaeMbiM M3 M3MepnTerifi 
molahocth 1012. 3Aecb buxoahom CMTHan 
cyMMarapa 1018 ecTb BenuMMHa, nony-ieHHafl 
nyTeM cyMMMpoBaHMH moiahoctsm npueMa, 
oi^eHeHHbix pa3flenbHO ppn flByx 6/iokob 
AaHHbix. riosTOMy cyMMaTop 1018 cyMMMpyeT 
BennHMHy OLieHKM npuHUMaeMoPi moluhoctm flnfl 
npeAbiAyLAero npuHPToro 6noKa flaHHbix, 
BbiflaBaeMyio M3 oycpepa 1016, c BenMHMHoCi 
oi^eHKM npuHUMaeMow molu,hoctm atia 
HacTOALflero 6noKa flaHHbix, BbiflaBaeMOM M3 
H3Mepmerifl moluhoctm 1012, HTo6bi 
reHepupoBaTb BenMMMHy ol^hkm moluhoctm Ann 
cnmana, nepeAaBaeMoro b pe>KMMe paOoTbi 
TSTD. 

0AH3K0, Korfla yCTpOMCTBO OLieHKM 

moluhoctm cumana 921 He paooTaeT b pe>KHMe 
TSTD (cpnar = NOTSTD), nepennioMaTenb 1014 
MO>KeT 6biTb ycTaHOBneH b BKJ1 nnn BblKJl. 
KorAa nepeKnioHaTenb 1014 ycTaHOBneH b 
BblKJl, n3MepnTerib molahocth 1012 
OTCoeflUHeH ot oycpepa 1016. B stow cnyMae Ha 
cyMMaTop 1018 He noflaeTca BenMMMHa oneHKM 
moluhoctm Ann npeflbiflymero onoKa, 
BbiflaBaeMan M3 oycpepa 1016. B TaKOM cnyMae 
cyMMaTop 1018 BbiflaeT 3HaMeHMe oll^hkm 
moluhoctm Ann HacTOflL^ero onoKa AaHHbix, 
BbiflaBaeMoe M3 M3MepnTena moluhoctm 1012, 
KaK oho ecTb. AnbTepHaTMBHO, Korfla 
nepeicnioMaTenb 1014 ycTaHOBneH b BKJ1, 
ycTponcTBO OL4eHKM moluhocth cnmana 921 
AeMCTByeT TaKHM >Ke o6pa30M, KaK b pe>KHMe 
TSTD. 

CooTBeTCTBeHHO, b pe>KHMe pa6oTbi 
He-TSTD, ecnn nepeicnioMaTenb 1014 
ycTaHOBneH b BKJ1, ycTponcTBO o 4 eHKn 
moluhoctm cumana 921 OL^eHMBaeT MOL^HOCTb 
npneMa, Mcnonb3yn MOAHOCTb npuHMMaeMbix 
curHanoB Ann flByx 6jiokob flaHHbix, 4to 

npMBOflMT K TOHHOM OL^eHKe MOLUHOCTM, HO 

Bbi3biBaeT 3aflep>KKy no BpeMeHM. B to >Ke 
BpeMfi, ecru nepeKnioHaTerib 1014 ycTaHOBneH 
b BblKJl b pe>KMMe paGoTbi He-TSTD, 



ycTpoMCTBO oi^eHKM moluhocth curHara 921 

MMeeT HH3KyK) TOMHOCTb OL^HKH MOLAHOCTH, HO 

mmsgt yMeHbineHHyio 3aflep}«Ky no bpgmshm. 

0MT.11 A M 1 1 B WlJllOCTpMpylOT yCTpOMCTBO 

oi^eHKM molahocth noMex 923 cornacHO 
nepBOMy m BTopoMy BonnoLneHMaM, 
CooTBeTCTBeHHO. Ha cpnr.11 A ycTpoficTBO 
oi^eHKM moluhoctm noMex 923 onpamMBaeT 
CHman, BbiflaBaeMbiM M3 fleMOflynflTopa (He 
noKa3aH), m HenocpeflCTBeHHO OL^eHHBaeT 
MOLAHOCTb noMex. Ha cpMr.HB ycTpoMCTBO 
oi^eHKM moahoctm noMex 923 onpamMBaeT 
CHrHan, BbiflaBaeMbiPi M3 fleMOflynsiTopa, 
reHepHpyeT OTfleribHbiM CMman LuyMa, 
Mcnonbsya PN koa m koa YonLua, a 3aTeM 
oi4SHMBaGT MoiAHOCTb noMex. 

CornacHO cpMr. 1 1 A, M3MepnTerib moahoctm 
1111 M3MepseT MOAHOCTb CMrHana noMex flnsi 
npMHAToro CMrHana. BnoK cyMMMpoBaHMa m 
BbiAaHM 1113 cyMMMpyeT m BbiflaeT M3MepeHHoe 
SHaneHMe Ana moahoctm noMex, BKnioMeHHbix b 
npMH^TbiH CMman, BbiAaBaeMoe H3 M3MepMTenn 
moahoctm 1111, b oahom 6noKe AaHHbix. BnoK 
B3ATMH o6paTHOM BenMHMHbi 1115 6epeT 
o6paTHyio BenMMMHy cyMMMpoBaHHOM m 
BbiAaBaeMoii moluhoctm noMex. 

Tenepb 6yAeT Aano onncaHne pa6oTbi 
ycTpoMCTBa oueHKM moahoctm noMex nepBoro 
BonnoAeHMH co ccbinKoti Ha cpnr.HA. 
MsMepMTenb moahoctm 1111 oi^eHMBaeT 
MOLAHOCTb npMHAToro CMmana. CMmanbi, 

BBOAHMbie B HSMepMTenb MOLUHOCTM 1111, 

BKniwaioT CMmanbi Ana npeflHa3HaMeHHoro 
nonbsoBaTenn, CMmanu Ann APyrux 
nonb30BaTeneM, noMexn ot APyrux cotob m 
AononHMTenbHbiM (aflAMTHBHbiM) 6enbiM rayccoB 
iuyM (AWGN). 3flecb, nocKonbKy CMmanbi, 

BBOflMMbie B M3MepMTenb MOLAHOCTH 1111, eLfle 

He 6binM oioTbi, Mcnonb3ya PN koa m koa 
yonma ppn npeflHa3HaHeHHoro nonb30BaTenfl, 
cyMMa MOLiiHOCTeCi noMex 3HaHHTenbHO 6onbLiie, 
HeM MOLAHOCTb CHrHana flnn npeflHa3HaHeHHoro 
nonb30BaTena. nosTOMy cnman flna 
npeflHa3HaHeHHoro nonb30BaTenn 
He3HaHHTeneH, TaK hto oh MO>KeT 
paccMaTpMBaTbcn KaK cnrHan noMex no 

OTHOLJjeHHIO K CHTHany, KOTOpblH OKMMaeTC^, 

Mcnonb3ya PN koa m koa YonLua. 

CooTBeTCTBeHHO, H3MepMTenb MOLi(HOCTM 1111 

OLieHHBaeT MOLUHOCTb CHrHana noMex. 

BnOK CyMMHpOBaHMfl M BblflaHH 1113 3aTeM 

npMHMMaeT BbixoflHOH cnrHan M3MepHTenn 

MOIAHOCTM 1111, MT06bl CyMMHpOBaTb M 

BbiAaBaTb 3HaneHMe OL4eHKH moahocth Ann 
npeflonpefleneHHoii flnnTenbHOCTH. BnoK B3flTns 
o6paTHoro 3HaneHHfl 1115, npuHHMan BbixoAHoti 
cnman 6noKa cy MMHpoBaHMfl h BbiAaMH 1113, 
oepeT o6paTHyio BenMMMHy moahocth noMex, 
OLieHHBaeMOH H3MepMTeneM molahocth 1111 h 

6nOKOM CyMMHpOBaHHH H BblAaHH 1113. nyTeM 

yMHO>KeHHfl BbixoflHoro cnrHana 6noKa szmm 
oCpaTHoro 3HaneHHfl 1 1 15 Ha buxoahom cnrHan 
ycTpoMCTBa OL^eHKH molahocth cnrHana 921 

npMeMHMK MO>KeT OL^eHMTb SIR, TaK HTO 

bo3mo>kho ynpaBnfiTb MOAHOCTbio nepeflaHH 
nepeflaTHHKa flpyroti CTopoHbi. 

KaK noKa3aHO Ha cpnr.HB, PN ycTponcTBO 
OKaTHq 1151 yMHOwaeT npuHflTbiti cnman Ha PN 
nocneAOBaTenbHOCTb, MTo6bi PN cxoTb 
npMHATbiH cnrHan. OpToroHanbHoe ycTponcTBO 
OKaTMfl 1153 yMHOKaeT PN cxoTbiM cnrHan Ha 
opToroHanbHbifi koa. 3Aecb flna opToroHanbHoro 
KOfla Mcnonb3yeTca Hencnonb3yeMbiH koa 
YonLua Wm. nepBbiM 6noK cyMMMpoBaHHfl m 
BbiflaHH 1155 cyMMMpyeT h BbiAaeT cnman, 
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BbiflaBaeMbiw M3 opToroHanbHoro ycTpoficTBa 
OKaTHfl 1153 b 6noKe cumbojiob. M3MepMTenb 

MOIAHOCTM 1 1 57 B03BOflMT B KBaflpaT BblXOAHOM 

CMman 6noKa cyMMnpoBaHna n BbiAaHM 1155, 
mo6bi n3MepnTb MomHOCTb CMrHana. BropoM 
6jiok cyMMnpoBaHMfl m Bbiflann 1 158 cyMMnpyeT 
m BbiflaeT flBa nnn 6onee ana^eum, 
BbiflaBaeMbie M3 M3MepnTenfl molahoc™ 1157, 
mo6bi BbNucnuTb cpeAHee 3HaMeHne 

MOIAHOCTM. BflOK B3ETME 06paTH0M BeflMHMHbl 

1159 6epeT oopaTHyio BennMUHy BbmncneHHoCi 
moiahoctm cumana. 3flecb nyTeM 
ncnonb30BaHMfl BToporo onoKa cyMMMpoBaHMfl u 

BblflaMM 1158 B03MO>KHO BbNMCnMTb TOHHyiO 

Moii(HocTb npneMa curHana noMex. 

Tenepb 6yfleT flaHO onucaHne pa6oTbi 
ycTpoficTBa ol^shkm moiahoctm noMex 923. Bee 
nojib30BaTejin b oahom m tom >Ke coTe 
ncnonb3yK)T Ana c>KaTns oflHH m tot Me PN koa 
OflHaKO, ncnorib3yeTCfl koa Yoniua Wm, 
KOTopbifi He ncnonb3yeTCfi 6onbine HMKeiw b tom 
>Ke coTe. nyTeM cwaTMfl npuHflroro cumana, 
ncnonb3ys KOfl yoniua Wm, bo3MO>kho yflannTb 
Bee curHaribi ppn npeflHa3HaMeHHoro 
noJib30BaTena n flpyrux nonb30BaTeneM 
nocpeflCTBOM opToroHanbHOCTM KOfla yoniua. To 
ecTb, nyTeM OKaTMfl curHana Ana 
npeflHa3HaMeHHoro nonb30BaTena, 
npeHe6peraeMoro Ha cpur.HA, Mcnonb3ya 
Hencnonb3yeMbiCi koa Yoniua Wm, bo3mo>kho 
yflannTb Bee CMmanu Ana npeflHa3HaHeHHoro 
nonb30BaTenn, TaK >Ke, KaK n APyrwx 
nonb30BaTenePi, nocpeAOTBOM opToroHanbHoc™ 
KOfla Yoniua. TaKMM o6pa30M, ycTpoCicTBo 
oi^eHKM moiahoctm noMex 923 moxot tomho 

OL(eHUTb MOLL(H0CTb noMex. 

<t>w. 12 ecTb cxeMa, unmocTpupyioiAafl 
TonbKo ycTpoucTBo oueHKM moiahoctm CMrHana 
921, ycTpoucTBO oi4eHKM moiahoctm noMex 923, 
o6"beflMHMTenb 922 m pewaioiAee ycTpoflcTBO 

925, KOTOpbie B33MMHO CBfl3aHbl A/lfl OU,eHKM 

moiahoctm npMeMa b npneMHMKe c cpur. 9. 
YcTpo^CTBO OL(eHKM moiahoctm noMex 923 
MMeeT CTpyKTypy, noKa3aHHyio Ha cpMr.11 A nnn 
11B. 3flecb npeAnonaraeTcfl, mto ycrpoMCTBo 
oi^eHKM moiahoctm noMex 923 MMeeT CTpyKTypy, 
noKa3aHHyK) Ha cpur.HA. flna yAoocTBa 
onucaHMfi HOBbie ccbinoHHbie HOMepa 
Mcnonb3yioTCH Ann cooTBeTCTByK>mnx 

YcTpoficTBa oi4eHKH molahocth curHana 1201 
- 120N b N naHenax npneMHUKa Ana noABMKHOM 
CT3H14MM npuHUMaioT CMmanbi, nepeAaBaeMbie 
nepe3 N TpaKTOB. CMmanbi, BBOAMMbie b 
n3MepnTenn moiahoctm 1 21 1-1 21 N b 
cooTBeTCTByroiAnx ycTpoticTBax oueHKH 
moiahoctm cumana 120-120N, ecTb 
cyMMupoBaHHbie n BbiAaBaeMbie BenuMMHbi Ann 
nunoTHbix CMmanoB, BbiAaBaeMbix H3 nunoTHoro 
cenapaTopa 914. CMman, bboammnm b 
n3MepnTenb moiahocth 1251 b ycTpoPicTBe 
ou,eHKH moiahocth noMex 923, ecTb 
AeMOAynnpoBaHHbie cumanbi, CMeiuaHHbie M3 
curHanoB Ana npeAHa3HaHeHHaro 
nonb30BaTena, curHanoB Ann APyrux 
nonb30BaTenew m cocTaBn^fomux noMex. 

YcTpoMCTBa oi^eHKM moiahocth cumana 
1201-120N ycTaHaBnuBaioTca b pe>KHM pa6oTbi 
TSTD nnn pe>KMM pa6oTbi He-TSTD comacHO 
CHmany cpnara TSTD, BbiAaBaeMOMy M3 
KOHTponnepa. B pe>KHMe pa6oTbi TSTD 
nepeKmonaTenn 1221-122N ycTaHOBneHbi b 
BKJ1. B pe>KMMe pa6oTbi TSTD nepeKntonaTenn 
1221-122N MoryT 6biTb ycTaHOBneHbi b BKJ1 nnn 
BblKJl. 3Aecb, ecnn nepeKnioHaTenn 1221-122N 



ycTaHOBneHbi b BKJ1, BennnnHa oi^eHKM 
moiahocth BbNucnaeTCfl c ncnonb30BaHneM 
AByx 6noKOB AaHHbix. B pe>KHMe pa6oTbi TSTD 
nepeAaTHHK nepeAaeT cumanbi Hepe3 

MHOJKeCTBO aHTeHH. 

HanpuMep, npeAnonaraa, hto nepeAaTHMK 
nepeAaeT curHanbi nepe3 ABe aHTeHHbi, 
HeTHo-HyMepoBaHHbie rpynnbi AaHHbix m 
HeneTHO-HyMepoBaHHbie rpynnbi AaHHbix 
nepeAaioTca Hepe3 pa3Hbie aHTeHHbi, 
COOTBeTCTBeHHO. llpneMHUK, npuHUMaioiAnCi 
curHanbi, nepeAaBaeMbie b pexawe pa6oTbi 
TSTD, ynpaBnaeT MoiAHOCTbio nepeAann nyTeM 
oueHKH cpeAHeti moiahocth b AByx aHTeHHax. B 
3tom cnyMae, nocKonbKy npneMHMK Aon>KeH 
3HaTb oueHeHHbie moiahoctm npneMa KaK An^ 
MeTHO-HyMepoBaHHOM rpynnbi AaHHbix, TaK h Ana 
HeneTHO-HyMepoBaHHOM rpynnbi AaHHbix, 
nepeKnioHaTenn 1221-122N ycTaHOBneHbi bo 
BKTl. CyMMaropbi 1241 - 124N 3aTeM 
cyMMnpyioT 3Ha^eHHfl oi^eHKM moiahoctm 
cumana pfin HacTOfliAnx 6noKOB AaHHbix, 
BbiAaBaeMbix us cooTBeTCTByioiAMX ycTpoCicTB 
OLieHKH moiahoctm curHana 1211 - 121 N co 
3HaMeHHEMH oL(eHKH moiahoctm CMmana An^ 
npeAbiAyiAH* 6noKOB AaHHbix, BbiAaBaeMbiMn M3 
6ycpepoB 1231 123N, mto6w reHepMpoBaTb 
3HaMeHnn OLieHKH moiahocth curHana Ana 
cooTBeTCTByioiAMX bnboaob. 06"beAHHMTenb 
1257 saTeM o6"heAHHBeT sHaneHM^ oi^eHKM 
moiahoctm CMrHana ppn N KaHanoB, 
BbiAaBaeMbie H3 cyMMaTopoB 1241 - 124N. 

KaK yKa3biBanocb Bbime, b cnynae, rAe 
nepeAaTMHK nepeAaeT cMmanbi b pe>KMMe 
pa6oTbi He-TSTD, bosmokho BbmncnuTb 6onee 
tohho sHaneHMe oueHKn moiahoctm nyTeM 
3aMbiKaHMfl (ycTaHOBKn b BKJ1) BbiKmonaTenei^ 
1221 - 122N. OAHaKo, oueHKa moiahoctm He 
MO>KeT 6biTb BbinonHeHa ao Tex nop, noKa He 
6yAyT nonyneHbi ABe rpynnbi AaHHbix, Bbi3biBaa 
3tmm 3aAep>KKy oi4eHKH moiahoctm. B cny^ae, 
rAe nepeflaTHHK nepeAaeT curHanbi b pe>KMMe 
pa6oTbi He-TSTD, bo3mo>kho npeAOTBpaTMTb 
3aAep>KKy oi^eHKH moiahoctm nyTeM pa3MbiKaHnq 
(ycTaHOBKM b BblKJl) nepeKnionaTeneM 1221 
-122N. B 3tom cnyHae, oah3ko, TOHHOCTb 

OL^eHKM MOIAHOCTM CHHWaeTCR 

KpoMe Toro, M3MepnTenb moiahocth 1251, 
6noK cy MMnpoBaHMP m BbiAann 1253 m 6noK 

B3^TMH 06paTHOM BenMHMHbl 1255 B yCTpOMCTBe 
OL^eHKM MOIAHOCTM nOMeX 923 ASMCTByiOT, HT06bl 

oueHMTb MoiAHOCTb npMeMa CMrHana noMex. 
3neMeHTbi 1251, 1253 m 1255 MMeioT Te )Ke 
43yHKL(nn, KaK onMcaHO co ccbinKOM Ha 43Mr.11A. 

YMHO>KMTenb 1259 yMHO>KaeT BbixoAHOM 
CMrHan o6"beAMHMTenn 1257, kotophm 

06"beAMHPeT BenMHMHbl OL(eHKM moiahoctm 

CMmana Ans cooTBeTCTByioiAMX TpaKTOB, 

BbiAaBaeMbie M3 yCTpOMCTB OL(eHKM moiahoctm 

CMmana 1201-120N, Ha bnxoahom CMman 
ycTpoMCTBa OL(eHKM moiahoctm noMex 923. 
nosTOMy bnxoahom CMman yMHo>KMTen^ 1259 
ecTb SIR (oTHOiueHMe CMrHan-LuyM), KOTopoe 
noAaeTcq k peiuaioiAeMy ycTpoMCTBy 1261. 
PeiuaioiAee ycTpoMCTBO 1261 cpaBHMBaeT SIR, 
BbiAaBaeMoe M3 yMHO>KMTen^ 1259, c noporoM, 
HTo6bi nepeflaTb KOMaHAy yBenMHeHMa 
moiahoctm k nepeAaTMMKy APyroM crapoHbi, 
KorAa SIR HM>Ke, neM noporoBoe 3HaMeHMe, m 
nepeAaTb KOMaHAy CHMweHMa moiahoctm, KorAa 
SIR Bbiiue noporoBoro 3HaMeHMfl. 

KaK MOJKeT 6blTb nOHETHO M3 

npeAAJecTByioiAero onMcaHM^, b cnynae, KorAa 
6a30Bas CTaHAMfl MMeeT MHO>KecTBO aHTeHH, 
nepeAaioiAMX AaHHbie, Mcnonb3y^ cpyHKL(Mio 
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TSTD Ha ocHOBaHuu pa3fleneHHH no BpeMeHU, 
noflBU>KHas CTaHflna npuHUMaeT nepeflaBaeMbie 
flaHHbie nooneflOBaienbHO nnn b 
npeflonpefleneHHOM Lua6noHe, OKHMaeT 
npuHHTbie flaHHbie u BbiflenaeT flaHHbie m 
nunoTHbie curHanbi U3 OKaTbix flaHHbix. 
BbifleneHHbie nunoTHbie cnmanbi 

HaKannnBaioTcs b 6noKe rpynnbi flaHHbix, MTo6bi 
OL4eHMTb KaHan n MoiflHocrb npneiwa, n 3HaHeHne 
OL4eHeHHoro KaHana yMHOKaeTcs Ha cuman 
3aflep>KaHHbix flaHHbix, MTo6bi KOMneHcnpoBaTb 
ncKaweHna, BKnioHeHHbie b npuH^Tbie flaHHbie. 
CooTBeTCTBeHHO, npneMHUK n cnocoobi Ana 
noflBM>KHOM CTaHL4nn comacHO HacTOflLueiwy 

H306peTeHHIO MOryT SCjDCjDeKTHBHO OU,eHMBaTb 

cnman TSTD n MoiflHOCTb npneMa. Kpon/ie Toro, 
npneMHUK MO>KeT npuHUMaTb cnmanbi, 
nepeflaBaeMbie KaK b pe>KHMe paooTbi TSTD, 
TaK n b pe>KHMe pa6oTbi He-TSTD, nyTeM 
M3MeHeHH« 6ycpepn3ai4nn npnHHTbix flaHHbix n 
nmioTHbix curHanoB comacHO pewnwiy pa6o™ 

Xoth 3to M3o6peTeHne 6bino noKa3aHO n 
onucaHO co ccbinKoti Ha ero onpefleneHHbie 
npeflnoMTMTeribHbie BonnoLfleHna, onbiTHbiM 
cneflnanncTaM flon>KHO 6biTb noHfiTHO, mo b 
HeM MoryT 6biTb cflenaHbi pa3HMHHbie 
M3MeHeHMfi b cpopMe n fleTanax 6e3 OTKnoHeHHfl 

OT CyiflHOCTH n paMOK STOrO M306peTeHMfl, K3K 

onpefleneHO b npnnaraeMbix nyHKTax cpopMynw 

H306peTeHHH. 

Oopiwyna M3o6peTeHnn: 

1. npneMHoe ycTpoPicTBO pf\9, cucTeMbi 
noflBHWHotf CBH3H, coflep>Kaiflee ycTponcTBO 
Ana nceBflowyMOBoro OKaTHH CMmanoB KaHana, 
nepeflaHHbix b pe>KHMe KOMMyTHpyeMoro no 
BpeivieHU pa3HeceHMfi nepeflann (KBPI1) n 
OKaTHfl cnmanoB OKaTHH o opraroHanbHbiM 
KOflOM cooTBeTCTByioLnero KaHana, nmioTHbiPi 
cenapaTop Ana BbifleneHns nnnoTHoro cnmana 
H3 OKaTbix KaHanbHbix cnmanoB; ycTpotfcTBO 
ou,eHKH KaHana aha reHepaflnn CMmana ofleHKM 
KaHana nyTeM Bbi6opa nunoTHbix cnmanoB, 
nepeaaBaeMbix ot oahoh n toh xe aHTeHHbi 
nepeflaTHUKa comacHO wa6noHy KBPn 
nepeflaTHHKa, n KOMneHcarap flns yMHO>KeHHfl 
curHana ofleHeHHoro KaHana Ha OKaTbin cnman 
KaHana a™ KOMneHcaflnn HCKaweHnn, 
BKnioHeHHbix b npuHATbie flaHHbie. 

2. npneMHoe ycTponcTBO no n. 1 , b kotopom 
ycTpoficTBO OfleHKH KaHana ooflep>KHT, no 
MeHbwen Mepe, flBa 6ycpepa flna xpaHeHHfl 
nunoTHbix curHanoB, KOMMyTaTop flns Bbioopa 
nunoTHbix curHanoB, nepeflaBaeMbix ot oahoh n 
toh >Ke aHTeHHbi, Korapaa nepeflaeT 
ynoMAHyTbiM nnnoTHbin curHan, nyTeM 
nepeicnioHeHUfl BbixoflOB 6ycpepoB comacHO 
Lua6noHy KBPn, n onepaflnoHHoe ycTponcTBO 
Ana o6pa6oTKH nunoTHbix cumanoB, 
nepeflaBaeMbix ot oahoh n toh >Ke aHTeHHbi, 
HTo6bi reHepupoBaTb cnrHan ofleHKn KaHana. 

3. npneMHoe ycTpoticTBO no n. 2, b kotopom 
nnnoTHbin cenaparap coflep>KHT KOMMyTarop 
Ana BbifleneHUfi nunoTHoro curHana n cnmana 
flaHHbix M3 cwaToro curHana KaHana n cyMMaTop 
Ana cyMMkipoBaHUH n Bbifla'-in BbifleneHHoro 
nunoTHoro curHana. 

4. ripneMHoe ycTponcTBO no n. 3, 
flononHMTenbHO coflep>Kaiflee sneMeHT 
3aflep>KKH flns 3aflep>KKH BbifleneHHoro curHana 
flaHHbix, HTo6bi noflaTb cnman flaHHbix k 
KOMneHcarapy b cnHxpoHH3au.nn c cnmanoM 
oi4eHKM KaHana. 

5. npneMHoe ycTpoticTBO no n. 4, b kotopom 

KOMneHcarap C0flep>KHT yCTpOHCTBO 

conps>KeHHfl Ana conpfweHMfi curHana oi4eHKM 



KaHana h yMHO)KHTenb flnfi yMHO)KeHHfl cumana 
flaHHbix Ha conpfweHHbiPi cuman oi4eHKM 
KaHana. 

6. npneMHoe ycTpoticTBO flna cucTeMbi 

nOflBM)KHOM CBS3M, COflep^aiflee yCTpOMCTBO 

Ann nceBfloiuyMOBoro OKaTMfl curHanoB KaHana, 
nepeflaHHbix b pe>KHMe KOMMyTHpyeMoro no 
BpeMeHM pa3HeceHnn nepeflaHH (KBPn) h 
OKaTMH CMmanoB c>KaTH« c opraroHanbHbiM 
KOflOM cooTBeTCTByiOLflero KaHana, nunoTHbin 
cenapaTop flnn BbifleneHun nunoTHoro curHana 
M3 OKaTbix KaHanbHbix cumanoB, ycTponcTBO 
ou,eHKM MoiflHOCTM curHana flns reHepau,nn 
cumana ou,eHKM moluhocth curHana nyTeM 
Bbi6opa nunoTHbix curHanoB, nepeflaBaeMbix ot, 
no MeHbLuefl Mepe, flByx aHTeHH nepeflaTMHKa 
comacHO iua6noHy KBPn nepeflaTMHKa, 
ycTpoMCTBO OL^eHKH MoiflHOCTH noMex flns 
reHepaL^HH cumana ou,eHKH moiahocth noMex H3 
KaHanbHbix curHanoB, nepeflaBaeMbix b pe>KMMe 
pa6oTbi KBPIT, n penjaioiflee - ycTponcTBO flna 
onpefleneHHfl moluhocth npHHHMaeMoro 
cumana nyTeM o6pa6oTKM cumana 0L4eHKH 
moiuhoctm curHana n CMmana oi4eHKM moluhoctm 



7. ITpneMHoe ycTpoPicTBO no n. 6, b kotopom 

yCTpOMCTBO OL^eHKM MOLflHOCTH CHTHana 

coflep>KHT M3MepnTenb moiahocth Ana 
MSMepeHHfl MOLflHOCTH nnnoTHoro cnrHana 
nyTeM o6pa6oTKH BbifleneHHoro nunoTHoro 
cnrHana, ceneKTop flna Bbi6opa 3HaHeHH« 
MOLflHOCTH nepBoro nnnoTHoro cnrHana h 
3HaHeHM« MOLflHOCTH BToporo nnnoTHoro 
cnrHana H3MepeHHbix comacHO LiLa6noHy 
KBPn, npuneM BTopon nnnoTHbin cnrHan 
nepeflaeTca ot flpyron aHTeHHbi, HeM aHTeHHa, 
KOTopaa nepeflaeT nepBbin nnnoTHbin cnrHan, n 
onepai^noHHoe ycTpoiteTBO flnfi o6pa6oTKH 

3Ha4eHMM MOLflHOCTH Bbl6paHHblX nnnoTHbix 

cnmanoB, nepeflaHHbix ot oahoh n tom >Ke 

aHTeHHbi, MT06bl OL(eHHTb MOLflHOCTb CMTHana. 

8. tlpneMHoe ycTponcTBO no n. 7, b kotopom 

yCTpOMCTBO OfleHKM MOLflHOCTH nOMeX COflep>KHT 

H3MepnTenb molahocth f\nn H3MepeHHfi 
MOLflHOCTH cnmana, nepeflaBaeMoro b pe>KHMe 
pa6oTbi KBPn, cyMMaTop flna cyMMHpoBaHMfl m 

BblflaHH BbNMCneHHOH MOLflHOCTH CMTHana B 

6noKe rpynnbi flaHHbix h 3neMeHT b3hths 
o6paTHOM BenHHHHbi Anfi reHepaflMM cnmana 

OfleHKH MOLflHOCTH nOMeX nyTeM B3HTHH 
06paTH0M BenHHHHbl CyMMHp0B3HH0H H 

BbiflaBaeMoPi molahocth cnrHana. 

9. npneMHoe ycTponcTBO no n. 7, b kotopom 

yCTpOMCTBO OfleHKM MOLflHOCTH nOMeX COflep>KHT 

ycTponcTBO flna nceBfloujyMOBoro OKaTHS 
CHTHanoB KaHana, nepeflaHHbix b pe>KHMe 
KOMMyTHpyeMoro no BpeMeHM pa3HeceHMfi 
nepeflaHM (KBPn) m oKaTMn cnrHanoB okstha c 
opToroHanbHbiM koaom cooTBeTCTByiOLflero 
KaHana, M3MepHTenb molahocth Ann M3MepeHHfl 
MoiflHOCTM OKararo cnrHana, cyMMaTop Ann 

CyMMHpOBaHMfl H BblAaHH H3MepeHH0H 

MoiflHOCTM cnmana b 6noKe rpynnbi flaHHbix, n 
aneMeHT B3HTH51 o6paTHoCi BennnnHbi Ana 
reHepaflnn cnrHana ofleHKM molahoctm noMex 

nyTeM B3flTMfl 06paTH0M BenHHHHbl 
CyMMHpOBaHHOH H BblflaBaeMOM MOLflHOCTH 

CMmana. 

10. npneMHoe ycTponcTBO no n. 7, b 
kotopom nMnoTHbiM cenapaTop coflep>KHT 
nepeKnic-iaTenb Anfl BbiAeneHHfl nMnoTHoro 
cnmana h CMmana AaHHbix H3 OKaTbix cnrHanoB 
KaHana m cyMMarap f\nn cyMMHpoBaHnn 
BbifleneHHoro nnnoTHoro cnmana. 

11. ITpMeMHoe ycTpoMCTBO Ann cncTeMbi 
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noABMWHOM CBA3M, coAepwamee ycTpoMCTBO 
Ana nceBfloiuyMOBoro oKaTMH CMmanoB KaHana, 
nepeflaHHbix b pewMMe KOMMyTupyeMoro no 
BpeMeHU pa3HeceHns nepeflann (KBPI1) m 
OKaTMfl CMmanoB o>KaTMfl c opraroHanbHbiM 
KOflOM cooTBeTCTByroii^ero KaHana, nunoTHbiW 
cenaparap a™ BbifleneHna nunoTHoro cwmana 
H3 OKaTbix KaHarbHbix cumanoB, ycTpoMCTBO 
cmeHKH KaHana Ana reHepaL4nn cumana OL(eHKH 
KaHana nyTeM Bbi6opa nunoTHbix cumajiOB, 
nepeAaBaeMbix ot oahom h tom >Ke aHTeHHbi 
nepeflamnKa cornacHO iua6noHy KBPn 
nepeAamnKa, KOMneHcaTop a™ yMHOweHua 
cumana ou,eHeHHoro KaHana Ha cwaTbiM cuman 
KaHana Ann KOMneHcai4MM MCKaweHMtf, 
BKHIOHeHHblX b npuHATbie A3HHbie, ycTpoifcTBO 
ou,eHKH moiahocth cumana Ana reHepaLiMM 
curHana ou,eHKH molahoctm cumana nyTeM 
Bbi6opa nunoTHbix cumanoB, nepeAaBaeMbix ot, 
no MeHbiuePi Mepe, Aayx aHTeHH nepeAaTHMKa 
cornacHO iua6noHy KBPn nepeAaTMUKa, 
ycTpoMCTBO oi^eHKM moiahoctm noMex a™ 
reHepai4nn cumana oi4eHKM molahoctm noMex M3 
KaHanbHbix cumanoB, nepeAaBaeMbix b pewMMe 
pa6oTbi KBPn, m pewaioLuee ycTpoMCTBO pps\ 
onpeAeneHUfl moii^hoctm npuHUMaeMoro 
cumana nyTeM o6pa6oTKW curHana oi^eHKM 
MOL14HOCTM curHana n curHana oi^eHKM moluhocth 
noMex. 

12. npneMHoe ycTpotfcTBO no n. 11, b 
kotopom ycTpoPicTBO ol^hkm KaHana coAepwHT 
no MeHbiueM Mepe, ABa 6yo>epa nnn xpaHeHua 
nunoTHbix cumanoB, KOMMyTaTop a™ Bbi6opa 
nunoTHbix cumanoB, nepeAaBaeMbix ot oahom m 
rati >Ke aHTeHHbi, KOTopaa nepeAaeT HacraflLUMi/i 
nunoTHbix cuman, nyTeM nepeKnioMeHMfl 
BbixoflOB 6y<$epoB cornacHO waonoHy KBPn, n 
onepaunoHHoe ycTpotfcTBO aha o6pa6oTKM 
nunoTHbix cumanoB, nepeflaBaeMbix ot oahom m 
tom we aHTeHHbi, HTo6bi reHepupoBaTb cuman 
OL(eHKH KaHana. 

13. npneMHoe ycTpotfcTBO no n. 11, b 
kotopom nwnoTHbitf cenapaTop coAepwMT 
nepeimioMaTenb Ana BbiAeneHMfl nunoTHoro 
curHana n cumana ashhwx M3 cwaTbix CMmanoB 
KaHana n cyMMaTop ppn cyMMnpoBaHna 
BbifleneHHoro nunoTHoro cumana. 

14. npneMHoe ycTpotfcTBO no n. 13, 
AononHMTenbHO coAepwamee sneMeHT 
3aAep>KKM Ana 3aAep>KKM BbiAeneHHoro curHana 
AaHHbix, hto6n noAaTb cuman ashhux k 
KOMneHcarapy b cnHxpoHH3aL^nn c CMmanoM 
OL(eHKn KaHana. 

15. npneMHoe ycTpoMCTBO no n. 14, b 
kotopom KOMneHcaTop COAep>KHT ycTpoMCTBO 
conp?»KeHHfl Ana conpflweHMH curHana OL(eHKM 
KaHana n yMHOWMTenb Ana yMHOweHMH cumana 
AaHHbix Ha conpfl>KeHHbifi cm man oi^eHKM 
KaHana. 

16. npneMHoe ycTpoficTBO no n 11, b 
kotopom ycTpoMCTBO ol^hkm molahoctm cumana 
coAep>KHT M3MepnTenb moluhoctm Ann 
n3MepeHnn moluhoctm nunoTHoro cumana 
nyTeM o6pa6oTKM BbiAeneHHoro nunoTHoro 
curHana, ceneKTop Ann Bbioopa 3HaHeHHfl 
moiahocth nepBoro nunoTHoro cumana m 
3HaMeHnn moiahocth BToporo nunoTHoro 
curHana, n3MepeHHbix cornacHO iua6noHy 
KBPn, npuneM BTopoti nunoTHbiM cuman 
nepeAaeTcn ot APyroCi aHTeHHbi, neM aHTeHHa, 
KOTopaa nepeAaeT nepBbiti nunoTHbiPi curHan, n 
onepaL^noHHoe ycTpoCicTBO Ana o6pa6oTKM 
3HaHeHntf moi^hocth Bbi6paHHbix nunoTHbix 
curHanoB, nepeAaHHbix ot oahom m tom >xe 

1, HTo6bi oi4eHMTb MoinHOCTb cumajia. 



17. npneMHoe ycTpoMCTBO no n. 16, b 
kotopom ycTpoMCTBO OL4eHKH moi^hocth noMex 
coAep>KMT M3MepnTenb moi^hocth atia 
n3MepeHna moi^hocth cumana, nepeAaBaeMoro 
b pe>KMMe pa6oTbi KBPn, cyMMarap Ana 

CyMMHpOBaHMfl H BblAaMU H3MepeHHOfi 

moiahocth cumana b 6noKe rpynnbi AaHHbix n 
aneMeHT B3flTnn oSpaTHofi BennnnHbi Ann 
reHepaL4nn curHana OL(eHKM moiahoctm noMex 
nyTeM B3flTMfl o6paTHofi BennnnHbi 
cyMMnpoBaHHoti m BbiAaBaeMOM molahocth 
cumana. 

18. npneMHoe ycTpoMCTBO no n. 16, b 
kotopom ycTpoficTBo OL4eHKH moi^hocth noMex 
coAep)KMT ycTpoifcTBo Ana nceBAonjyMOBoro 
OKaTMfi cumanoB KaHana, nepeAaHHbix b 
pe>KMMe KOMMyTupyeMoro no BpeMeHU 
pasHeceHna nepeAann (KBPI1) n OKaTMfl 
cumanoB cxajm c opToroHanbHbiM koaom 
cooTBeTCTByioLnero KaHana, n3MepnTenb 

MOIUHOCTM AHA HSMepeHMfl MOI^HOCTH OKaTOTO 

cumana, cyMMarap atia cyMMnpoBaHna n 
BbiAaqn MSMepeHHOM moiahocth curHana b 
6noKe rpynnbi AaHHbix n sneMeHT B3flTna 
o6paTHOM BennMUHbi Ann reHepaLinn cumana 
oueHKH molahocth noMex nyTeM b3hthh 

06paTHOM BenHHUHbl CyMMMpOBaHHOM M 

BbiAaBaeMoti moluhocth curHana. 

19. npneMHoe ycTpoMCTBO no n. 16, b 
kotopom nunoTHbiM cenaparap coAep>KHT 
nepeKmoMarenb pjw BbiAeneHHH nunoTHoro 
cumana n cumana AaHHbix H3 oxaTbix curHanoB 
KaHana n cyMMarap Ann cyMMnpoBaHna 
BbiAeneHHoro nunoTHoro cumana. 

20. Cnoco6 npneMa ppn cucTeMbi 
noflBM>KHOM CBA3H, coflepwaLMHtf njam, Ha 
KOTopbix ocymecTBnflioT noeBflOLuyMOBoe 
c>KaTMe cumanoB KaHana, b pe>KHMe nepeflann 
KBPn m cwaTMe cumanoB OKaTMfl c 

OpTOTOHanbHblM KOflOM COOTBeTCTByiOLLiero 

KaHana, BbiAenaioT nunoTHbiCi cuman H3 OKaTbix 
cumanoB KaHana, reHepnpycT cuman oi^eHKM 
KaHana nyTeM Bbi6opa 
nepeAaBaeMbix ot oahom k 
nepeAaTHUKa cornacHO maSnoHy KBPn 
nepeAaTHUKa, n ncnonb3yioT KOMneHcarap Ana 
yMHO>KeHH3 cumana oi^eHeHHoro KaHana Ha 
OKaTbix curHan KaHana Ann KOMneHcai^nn 

21. Cnoco6 npneMa no n. 20, b kotopom mar 
reHepaL(nn curHana oi^eHKH KaHana coAep>KHT 
niarn, Ha KOTopbix 3aAep>KHBaioT nunoTHbie 
cumanbi, Bbi6npaioT nunoTHbie cumanbi, 
nepeAaBaeMbie ot oahom m tom we aHTeHHbi, 
Korapan nepeAaBana ynoMJiHyTbifi nunoTHbix 
CMman nyTeM nepeKmoneHUfi bhxoaob 6yc{)epoB 
cornacHO ma6noHy KBPn, v\ o6pa6aTbiBaioT 
nunoTHbie cumanbi, nepeAaHHbie ot oaho£i m 
tom we aHTeHHbi, Hra6bi reHepupoBaTb curHan 
OLieHKH KaHana. 

22. Cnoco6 npneMa no n. 21 , b kotopom mar 
BbiAeneHMn nunoTHoro cumana coAepwuT ujam, 
Ha KOTopbix BbiAennioT n^noTHbiPi curHan n 
CMman AaHHbix M3 cwaTbix cumanoB KaHana, n 
cyMMnpyioT m BbiAaioT BbiAeneHHbiPi nMnoTHbiPi 
CMman. 

23. Cnoco6 npneMa no n. 22, 
AononHMTenbHO coAepwaiAMM mar 3aAep>KKH 
BbiAeneHHoro CMmana AaHHbix, 4ra6bi 
CMHxpoHM3npoBaTb CMman AaHHbix c cumanoM 
oueHKH KaHana. 

24. Cnoco6 npneMa no n. 23, b kotopom mar 
KOMneHcai^MM coAepwMT njarM, Ha KOTopbix 
o6ecneHHBaioT conpflweHne curHana oueHKM 
KaHana, m yMHoweHne CMmana AaHHbix Ha 
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conpfweHHbiM cuman oi4eHKM KaHana. 

25. Cnoco6 npneMa atia cucieMbi 
noflBM>KHOM CBA3H, cofxepxau\m niarn, Ha 
KOTopbix ocymecTBnflioT nceBflOLuyMOBoe 
c>KaTne cumanoB KaHana b pe>KHMe nepeflann 
KBI1P n OKaTue cumajioB cxamx c 
opToroHaiibHbiM KOflOM cooTBeTCTByiow,ero 
KaHana, BbLflensioT nmioTHbiW cuman H3 OKaTbix 
cumanoB KaHana, reHepupyioT CMman oi^eHKM 
moiuhoctm nyTeiw Bbioopa nunoTHbix cumajioB, 
nepeflaBaeMbix ot, no MeHbwePi Mepe, flByx 
aHTeHH nepeflamnKa cornacHO waonoHy KBPn 
nepeAamnKa, reHepupyioT CMman oi^eHKM 
mowhoctm noiwex M3 curHanoB KaHana, 
nepeflaHHbix b pe>KMMe paooTbi KBPn, m 
onpeflensiioT MOLflHOCTb npuHAToro cumajia 
nyTeiw o6pa6oTKH CMmana oi^eHKM molahoctm 
cumana n curHana cfleHKM molllhocth noMex. 

26. Cnoco6 npneMa no n. 25, b kotopom war 
oi^eHKM molahoctm CMmana coflep>KWT niarn, Ha 

KOTOpblX H3Mep^K)T MOLflHOCTb nunOTHOTO 

curHana nyTeiw o6pa6oTKM BbifleneHHoro 
nunoTHoro cumana, Bbi6upaioT BenuMMHy 
moiuhoctm nepBoro nunoTHoro cumajia m 
BenMMMHy molahoctm BToporo nunoTHoro 
curHana, n3MepeHHbix cornacHO waonoHy 
KBPn, npuMeM BTopou nunoTHNM cuman 
nepeAaH ot flpyroPi aHTeHHbi, MeM aHTeHHa, 
KOTopafi nepeflaBana nepBbiCi nunoTHbiCi cuman, 
n o6pa6aTbiBa(OT BenMHMHbl molahoctm 
Bbi6paHHbix nunoTHbix CMmanoB, nepeflaHHbix 

OT OflHOM H TOM >Ke aHTeHHbi, 4T06bl Ol^eHMTb 

Moii(HOCTb curHana. 

27. Cnoco6 npueMa no n. 26, b kotopom mar 
ou,eHKH moluhoctm noMex coflep>KHT warM, Ha 
KOTopbix n3Mep^K)T Moii^HOCTb CMmana, 
nepeflaHHoro e pex<MMe pa6oTbi KBPn, 

CyMMUpyiOT M BblflaiOT OU,eHeHHy(0 MOLflHOCTb 

curHana b oahom rpynne flaHHbix n reHepupyioT 
curHan ou,eHKM molu,hoctm noMex nyTeM b3athh 

06paTH0Ci BenMHMHbl CyMMMpOBaHHOM M 

BbiflaBaeMow MoiflHOCTM cumana. 

28. Cnoco6 npweMa no n. 26, b kotopom iuar 
oi^eHKM MoiflHOCTM noMex coflep>KHT luarn, Ha 
KOTopbix ocyiflecTBnfltoT nceBfloujyMOBoe 
OKaTue curHanoB KaHana b pe>KHMe nepeflann 
KBPn n OKaTue cumanoB »KaTM& c 
opToroHanbHbiM KOflOM cooTBeTCTByioiflera 
KaHana, n3MepflK)T MouiHOCTb OKaToro curHana, 

CyMMMpyfOT H BblflaiOT H3MepeHHyiO MOlflHOCTb 

curHana b oahom rpynne flaHHbix n reHepupyioT 
curHan ou,eHKH moluhoctm noMex nyTeM b3htmh 

OOpaTHOM BenMHMHbl CyMMMpOBaHHOM n 

BbiflaBaeMoti mouihoctm cumana. 

29. Cnoco6 npneMa no n. 26, b kotopom war 
BbifleneHkifl nunoTHoro curHana coflep>KHT warn, 
Ha KOTopbix BbiflennioT nunoTHbifi cuman n 
curHan flaHHbix M3 OKaTbix curHanoB KaHana, m 
cyMMnpyioT m BblflaiOT BbifleneHHbiM nunoTHbiM 
curHan. 

30 Cnocoto npneMa flnfl CMCTeMbi 
noflBM>KHOM CBA3M, coflepwaLiiMM warM, Ha 
KOTopbix ocyLflecTBnsiioT nceBflOLuyMOBoe 
OKaTue curHanoB KaHana b pe>KHMe nepeflann 
KBPn n OKaTue curHanoB c>KaTMa c 
opraroHanbHbiM KOflOM cooTBeTCTBytomero 
KaHana, BbiflenaioT nwnoTHbiM cuman H3 OKaTbix 
curHanoB KaHana, reHepupyioT cuman ou,eHKH 
KaHana nyTeM BbiGopa nunoTHbix cumanoB, 
nepeflaBaeMbix ot oahom m tom >Ke aHTeHHbi 
nepeaaTMMKa, cornacHO Lua6noHy KBPn 
nepeflaTMMKa, ncnonb3yioT KOMneHcarap flnn 
yMHO>KeHna curHana oi^eHeHHoro KaHana Ha 
OKaTbiM cuman KaHana flna KOMneHcau,MM 

MCK3>KeHMM, BKniOHeHHblX B npuH^Tbie p 



reHepupyioT cuman ou,eHKH MoiflHOCTH nyTeM 
Bbi6opa nunoTHbix curHanoB, nepeflaBaeMbix ot, 
no MeHbwePi Mepe, flByx aHTeHH nepeflaTMUKa 
cornacHO nia6noHy KBPn nepeflaTMMKa, 
reHepupyioT cuman ou,eHKH moiahocth noMex H3 
cumanoB KaHana, nepeflaHHbix b pe>KMMe 
paooTbi KBPn, n onpeflenaioT MOlflHOCTb 
npuHflToro cumana nyTeM o6pa6oTKM curHana 
ou,eHKM molij,hoctm curHana n cumana o 4 eHKH 
MOLflHOCTM noMex. 

31. Cnoco6 npweMa no n. 30, b kotopom iuar 
reHepaL(MM curHana ou,eHKM KaHana coflep>KWT 
iiiarn, Ha KOTopbix 3aflep>KMBai0T nunoTHbie 
cumanbi, Bbi6npaioT nunoTHbie cwmanbi, 
nepeflaBaeMbie ot tom >Ke aHTeHHbi, Korapas 
nepeflaBana HacToaiflnPi nunoTHbiM cuman, 
nyTeM nepeKnioHeHUfl BbixoflOB 6ya>epoB 
cornacHO Lua6noHy KBPn n o6pa6aTbiBaioT 
nunoTHbie cumanbi, nepeflaHHbie ot oahom m 
toPi >Ke aHTeHHbi, HTo6bi reHepupoBaTb curHan 
OLfeHKM KaHana. 

32. Cnoco6 npneMa no n. 31 , b kotopom war 
BbifleneHMfl nunoTHoro cumana coflep>KHT warn, 
Ha KOTopbix BbiflensioT nunoTHbiPi curHan n 
cuman flaHHbix M3 OKaTbix cumanoB KaHana, m 
cyMMnpyioT n BblflaiOT BbifleneHHbiti nunoTHbiPi 

33. Cnoco6 npneMa no n. 32, 
flononHMTenbHO coflep>KaLflMM war 3aflep>KKH 
BbifleneHHoro cumana flaHHbix, HTo6bi 
cnHxpoHM3npoBaTb cuman flaHHbix c cumanoM 
oueHKM KaHana. 

34. Cnoco6 npneMa no n. 33, b kotopom war 
KOMneHcau,nn coflep>KMT warn, Ha KOTopbix 
o6ecneHMBaioT conpaweHne curHana oi^eHKM 
KaHana, h yMHO>KeHne cumana flaHHbix Ha 
conpflweHHbiii cuman oiieHKM KaHana. 

35. Cnoco6 npweMa no n. 30, b kotopom war 
OLieHKM moluhoctm curHana coflep>KMT warn, Ha 

KOTOpblX M3MepSK)T MOLflHOCTb nunOTHOTO 

cumana nyTeM o6pa6oTKM BbifleneHHoro 
nunoTHoro cumana, Bbi6npaioT BennnnHy 
moluhoctm nepBoro nunoTHO 
BenMHMHy mow,hocth BToporo 
cumana, M3MepeHHbix cornacHO wa6noHy 
KBPn, npMHeM BTopoM nunoTHbiM cnrHan 
nepeflaH ot flpyron aHTeHHbi, neM aHTeHHa, 
KOTopan nepeflaBana nepBbin nMnoTHbiPi CMman, 
m o6pa6aTbiBaioT BennnnHy mollihocth 
Bbi6paHHbix nMnoTHbix cnrHanoB, nepeflaHHbix 

OT OflHOM M TOM >Ke aHTeHHbi, HT06bl OU,eHMTb 

MOLMHOCTb cumana. 

36. Cnoco6 npneMa no n. 35, b kotopom war 
OL^eHKM mow,hoctm noMex coflep>KMT warM, Ha 
KOTopbix H3MepnioT MOLi^HOCTb CMmana, 
nepeAaHHoro b pe>KMMe paGoTbi KBPn, 
cyMMnpyioT m BbiAennioT oi^eHeHHyio MOlflHOCTb 
cumana b oahom rpynne AaHHbix m reHepMpyioT 
CMman OL^eHKM mow,hoctm noMex nyTeM b3atmsi 

06paTHOM BenMHMHbl CyMMMpOBaHHOM M 

BbiflaBaeMofi moluhocth curHana. 

37. Cnoco6 npweMa no n. 35, b kotopom war 
ot^eHKM mow,hoctm noMex coAep>KMT warM, Ha 
KOTopbix ocyw,ecTBnaioT nceBAOwyMOBoe 
c>KaTMe CMrHanoB KaHana b pe>KMMe nepeAaHM 
KBPn m OKaTMe CMmanoB c>KaTMa c 
opToroHanbHbiM koaom cooTBeTCTByioLflero 
KaHana, M3MepfiioT MOlflHOCTb OKararo CMmana, 

CyMMMpyiOT M BbflaiOT M3MepeHHyiO MOW,HOCTb 

CMmana b oahom rpynne AaHHbix m reHepMpyioT 
CMrHan OL^eHKM moluhoctm noMex nyTeM B3flTMa 

06paTHOM BenMHMHbl CyMMMpOBaHHOM M 

BbiflaBaeMoW moluhocth curHana. 

38. Cnoco6 npMeMa no n. 35, b kotopom war 
BbiAeneHMfl nMnoTHoro CMmana coAep>KMT warM, 
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(57) Abstract 

A receiving device for a mobile station receives signals transmitted from a base station having a time-switched transmission diversity 
(TSTD) function. In the receiving device, a despreader despreads channel signals which have been transmitted in a TSTD mode of operation. 
A pilot separator separates a pilot signal from the despread channel signals. A channel estimator generates a channel estimation signal by 
selecting pilot signals transmitted from a same antenna of a transmitter according to a TSDT pattern of the transmitter. A compensator 
compensates the channel signals with the channel estimation signal. 
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DEVICE AND METHOD FOR A MOBILE STATION FOR RECEIVING 
SIGNALS TRANSMITTED FROM A BASE STATION 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to mobile communication systems, 
and in particular, to a device and method for a mobile station for receiving signals 
transmitted from a base station having a transmission diversity function. 

10 2. Description of the Related Art 

In a typical mobile communication system, a base station and a mobile 
station each have one antenna to exchange data with each other. In such a design 
configuration, when a transmission channel fades, as when an obstacle, such as a 
building, is between the mobile station and the base station, the communication 

15 quality deteriorates. To counteract this from occurring, a diversity technique is 
generally used. The diversity technique improves the performance of the mobile 
communication system. 

To transmit signals from a mobile station to a base station via a reverse link, 
a receiver diversity technique can be used in which multiple receiving antennas are 

2 0 installed at the base station. In addition, for transmitting signals from the base 
station to the mobile station via a forward link, it is possible to use a transmission 
diversity technique for transmitting the signals via multiple transmission antennas 
installed at the base station. Where the base station has a transmission diversity 
function, the mobile station can use only one antenna for diversity effect. 

2 5 In practice, however, it is difficult to install multiple receiving antennas in 

the small mobile station to configure the mobile station to optimally perform using 
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the receiver diversity technique during forward link communications. Even though 
receiving antennas can be installed in the mobile station, the small size of the 
mobile station limits the distance between the receiving antennas, and thereby, 
reducing a diversity gain. In addition, when multiple antennas are installed in the 
5 mobile station, it is necessary to provide separate schemes for receiving forward 
link signals and transmitting reverse link signals via the corresponding antennas, 
causing an increase in size and cost of the mobile station. For these reasons, the 
mobile communication system generally uses transmission diversity techniques 
rather than the receiver diversity techniques. 

0 SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a receiving 
device and method for a mobile station for receiving signals transmitted from a base 
station having a time-switched transmission diversity (TSTD) function. 

It is another object of the present invention to provide a receiving device and 
5 method for a mobile station for receiving signals transmitted from a base station via 
multiple transmission antennas by using a single receiving antenna. 

It is further another object of the present invention to provide a device and 
method for a mobile station for receiving a TSTD signal and a non-TSTD signal 
transmitted from a base station and estimating channel conditions for the respective 
0 paths according to operation modes. 

It is still another object of the present invention to provide a device and 
method for a mobile station for estimating a receiving power of signals transmitted 
from a base station having a TSTD function. 
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It is still further another object of the present invention to provide a device 
and method for a mobile station for estimating a receiving power of a TSTD signal 
and a non-TSTD signal transmitted from a base station having a TSTD function. 

These and other objects are realized by the present invention where a device 
5 and methods are provided for a mobile station for receiving and processing data 
transmitted in a time-switched transmission diversity (TSTD) function from a base 
station. 

In accordance with one aspect of the present invention, a receiving device for 
a mobile communication system includes a despreader for despreading channel 

10 signals which have been transmitted in a time-switched transmission diversity 
(TSTD) mode of operation; a pilot separator for separating a pilot signal from the 
despread channel signals; a channel estimator for generating a channel estimation 
signal by selecting pilot signals transmitted from a same antenna of a transmitter 
according to a TSTD pattern of the transmitter; and a compensator for compensating 

15 the channel signals with the channel estimation signal. 

In accordance with another aspect of the present invention, a receiving 
device for a mobile communication system includes a despreader for despreading 
channel signals which have been transmitted in a TSTD mode of operation; a pilot 
separator for separation a pilot signal from the despread channel signals; a signal 
2 o power estimator for generating a signal power estimation signal by selecting pilot 
signals transmitted from a same antenna of a transmitter according to a TSTD 
pattern of the transmitter; an interference power estimator for generating an 
interference power estimation signal from the channel signals transmitted in the 
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TSTD mode of operation; and a decider for deciding power of a received signal by 
operating the signal power estimation signal and the interference power estimation 
signal. 

RRIFF DESCRIPTI ON OF THE DRAWINGS 

5 FIGS. 1A through 1C are diagrams illustrating various formats of data 

transmitted from a base station; 

FIG. 2 is a diagram illustrating structure of a data group transmitted from a 
base station; 

FIG. 3 is a diagram illustrating areceiver for a mobile station which receives 
l o data transmitted from a base station according to a first embodiment of the present 
invention; 

FIGS. 4A through 4G are diagrams illustrating formats of data occurring at 
respective elements of the receiver of FIG. 3; 

FIG. 5 is a diagram illustrating a pilot separator of FIG. 3; 
15 FIG. 6 is a diagram illustrating a delay of FIG. 3; 

FIG. 7 is a diagram illustrating a channel estimator of FIG. 3 according to 
a first embodiment; 

FIG. 8 is a diagram illustrating a channel estimator of FIG. 3 according to 
a second embodiment; 
2 o FIG. 9 is a diagram illustrating a receiver for a mobile station for receiving 

data transmitted from a base station according to a second embodiment of the 
present invention; 

FIG. 10 is a diagram illustrating a signal power estimator of FIG. 9; 
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FIG. 1 1A is a diagram illustrating an interference power estimator of FIG. 
9 according to a first embodiment; 

FIG. 1 IB is a diagram illustrating an interference power estimator of FIG. 
9 according to a second embodiment; and 
5 FIG. 12 is a diagram illustrating a device for estimating a receiving power 

of a received TSTD signal of the receiver of FIG. 9. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described herein 
below with reference to the accompanying drawings. In the following description, 

10 well known constructions or functions are not described in detail so as not to 
obscure the present invention. 

The term "interpolation" as used herein refers to an operation of estimating 
values at several time slots in a predetermined time interval using plural values 
determined during the predetermined time interval. 

15 The receiving device and methods for a mobile station according to the 

present invention receive and process data transmitted in a time-switched 
transmission diversity (TSTD) function from a base station. Herein, the present 
invention will be described with reference to a channel which transmits information 
from the base station. However, it is contemplated that when a transmission device 

2 0 for a mobile communication system transmits signals on a common channel and/ or 
a dedicated channel in a TSTD mode of operation, a receiving device at the base 
station of the mobile communication system can receive the TSTD signal 
transmitted in the TSTD mode of operation according to the embodiments of the 
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present invention. 

FIGS. 1A through 1C illustrate various formats of data output from a 
transmitter of a base station. Herein, it is assumed that the base station with the 
TSTD function has two antennas ANT1 and ANT2. More specifically, FIG. 1A 
5 illustrates a format of data output from the transmission antenna ANT1 of the base 
station; FIG. IB a format of data output from the transmission antenna ANT2 of the 
base station; and FIG. 1C a format of data output from a base station not using the 
TSTD function, i.e., a non-TSTD base station. As used herein, the word "data" 
includes not only actual data, such as packet data, but also all kinds of information 
l o which is transmitted in the mobile communication system. 

With continued reference to FIGS. 1A through 1C, the TSTD function 
featured in the data is transmitted by alternating the transmission antennas. For 
example, where data is transmitted using multiple antennas as shown in FIGS. 1A 
and 1 B, even though a mobile station has a low receiving probability of a signal (or 
1 5 data) because of a bad channel condition for a signal transmitted from one antenna, 
a next signal may be transmitted via another normal channel using the other 
antenna, thereby preventing a decrease in the receiving probability. Therefore, the 
consecutively received data may be less susceptible to the channel condition. 

Multiple antennas are generally used to transmit data using the TSTD 
2 0 function. For simplicity, however, it is assumed herein that the base station 
transmits data using two transmission antennas in a TSTD mode of operation. In 
addition, it is assumed that even-numbered data groups are transmitted using a fust 
antenna ANT 1 as shown in FIG. 1 A and odd-numbered data groups are transmitted 
using a second antenna ANT2 as shown in FIG. IB. 
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As illustrated in FIGS. 1A and IB, while the first antenna ANT1 transmits 
the even-numbered data group, the second antenna ANT2 does not transmit data. 
After the first antenna ANT1 completes transmission of the even-numbered data 
group, the second antenna ANT2 transmits the odd-numbered data group at which 
5 time the first antenna ANT1 does not transmit data. Such a data transmission 
technique is called a TSTD function. In a TSTD mode of operation, data is 
generally transmitted by switching two or more antennas. Although the present 
invention will be described with reference to an embodiment in which the 
transmitter transmits data using two antennas by sequential time switching, it is also 
l o possible for the transmitter to have three ormore antennas for performing the TSTD 
method of transmitting data by using a TSTD pattern predetermined between the 
base station and the mobile station, rather than sequential time switching. 

FIG. 1C illustrates a format of data transmitted from a base station using a 
single antenna, without using the TSTD function. As illustrated, all the data groups 
1 5 are transmitted through one antenna. 

FIG. 2 illustrates structure of a data group transmitted from the base station 
having the TSTD function. As illustrated, each data group transmitted from the base 
station having the TSTD function is composed of pilot symbols, a power control bit 
(PCB) and data. The pilot symbols are used for channel estimation, power 
2 o estimation and rapid acquisition. Information transmitted through the pilot symbols 
are known to both the base station and the mobile station. That is, the pilot symbols 
are transmitted as all "0"s or all T's. The power control bit transmitted from the 
base station controls a transmission power of the mobile station. The "data" refers 
to data bits (or data signals) transmitted from the base station. Herein, a block 
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composed of the pilot symbols, the power control bit and the data is referred to as 

a "data block". 

A First Embodiment 

FIG. 3 illustrates a receiver for a mobile station for receiving data 
5 transmitted from a base station supporting the TSTD function according to a first 
embodiment of the present invention. The receiver of FIG. 3 is designed to receive 
data transmitted in both the TSTD mode and a non-TSTD mode of operation. The 
receiver for the mobile station includes N fingers 301-30N. For convenience, a 
description will be made focusing on only one finger. In addition, although each 
10 finger processes signals by dividing them into I-channel signals and Q-channel 
signals, a description is made herein to a process of receiving signals without 
dividing the signals according to the channels, for simplicity purposes. Each finger 
has two paths for the I-channel signals and the Q-channel signals. 

Referring to FIG. 3, a switch 310 samples a signal output from a 
15 demodulator (not shown) in a preceding stage of the finger 301. A PN (Pseudo 
Noise) despreader 3 1 1 multiplies the sampled signal by a PN sequence to despread 
the sampled signal. A complex PN despreader can be used for the PN spreader 311. 
An orthogonal despreader 3 12 multiplies signals output from the PN despreader 3 1 1 
by an orthogonal code in order to extract a signal for the corresponding finger from 
2 0 the output signals of the PN despreader 311. Here, a Walsh code can be used for the 
orthogonal code. A sum and dump block 313 sums and dumps (or accumulates) 
signals output from the orthogonal despreader 312. 

A pilot separator 3 1 4 separates pilot signals and data signals from the signals 
output from the sum and dump block 313. A channel estimator 316 receives the 
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pilot sxgnals separated by the pilot separator 3 14 and is set to the TSTD mode or the 
non-TSTD mode of operation according a TSTD flag signal output from a 
controller (not shown). The channel estimator 3 1 6 analyzes the pilot signals output 
from die pilot separator 314 according to the set operation mode to estimate the 
5 channel. A conjugator 3 1 8 conjugates an output of the channel estimator 3 16. 

A delay 3 1 5 receives the data signals output from the pilot separator 3 1 4 and 
is set to the TSTD mode or the non-TSTD mode of operation according the TSTD 
flag signal output from the controller. The delay 3 1 5 delays data by one data group 
in the non-TSTD mode of operation and by data groups corresponding to the 
10 number of used antennas in the TSTD mode of operation. A multiplier 319 
multiplies the data signals output from the delay 315 by a conjugated channel 
estimation signal output from the conjugator 318 to generate an output signal of the 
correspondmgfmger301.Thedela y 315andthemulti P lier319constituteach 

compensator. 

15 A combiner320combinesoutputsFl-FNoftherespectivefingers301-30N. 
A multiplexer 321 multiplexes two-channel signals of the I-channel signal and the 
Q-channel signal output from the combiner 320 into one-channel signals (i.e., one 
bit stream). A deinterleaver 322 deinterleaves an output of the multiplexer 321 in 
order to convert the signals interleaved at the base station into the original 
2 o arrangement. A decoder 323 decodes an output of the deinterleaver 322 in order to 
convert the data encoded at the transmitter into the original data. 

FIGS. 4A through 4G illustrate formats of data occurring at the respective 
elements in the receiver of FIG. 3; the data being transmitted from the base station 
in the TSTD mode of operation. More specifically, FIGS. 4A and 4B show data 
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transmitted from the same transmitter by alternating the antennas ANT 1 and ANT2. 
As stated above, when the antenna ANT1 transmits data, the antenna ANT2 does 
not transmit data, and vice versa. 

FIG. 4C shows a format of data output from sum and dump block 3 13. As 
5 illustrated, the data received at the receiver includes not only data for the user of the 
receiver but also data for other users. By correlating the data received at the receiver 
with a specific PN code and a specific Walsh code, data for other users are removed 
and only the data for the user of the receiver remains. In FIG. 4A, the even- 
numbered data groups (or blocks) DATAO, DATA2, DATA4, ... are transmitted 

1 o from the transmitter using the antenna ANT 1 . In FIG. 4B, the odd-numbered data 

blocks DATA 1 , DATA3 , ... are transmitted from the transmitter using the antenna 
ANT2. Although the transmitter transmits data using different antennas, the receiver 
receives the data using one antenna so that the received data may have the format 
ofFIG.4C. 

15 FIGS . 4D and 4E show formats of data output from the pilot separator 314. 

More specifically, FIG. 4D shows a format of data input to the delay 3 1 5 and FIG. 
4E a format of data input to the channel estimator 316. In addition, FIGS. 4F and 
4G shows formats of data input to the multiplier 319. More specifically, FIG. 4F 
shows a format of data output from the delay 315 and FIG. 4G a format of data 

2 0 output from the conjugator 3 1 8 . The data of FIG. 4F is multiplied in the multiplier 

319 by the data of FIG. 4G and the multiplier 319 outputs a channel distortion- 
compensated value. Here, the channel distortion occurs while the transmission data 
passes the channel. 

Referring to FIGS. 4A through 4G, a description will now be made as to the 
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operation of the receiver for the mobile station of FIG. 3. The PN despreader 3 1 1 
includes a PN code generator and PN despreads the received signal. The orthogonal 
despreader 3 1 2 includes a Walsh code generator and orthogonally despreads the PN 
despread signal. The PN despreader 31 1, the orthogonal despreader 312 and the 
5 sum and dump block 313 constitute a correlator. The despreaders 31 1 and 312 
multiply the mixed signals for the multiple users by the PN code and the Walsh 
code used, at the transmitter, for the user of the receiver. The sum and dump block 

3 1 3 sums and dumps the signals multiplied by the PN code and the Walsh code at 
the despreaders 3 1 1 and 3 1 2 for a predetermined duration. In the process of the sum 

l o and dump, the signals for the other users are removed and only the signal for the 
intended user remains. 

Therefore, the correlator sequentially receives the signals transmitted from 
the antennas ANT1 and ANT2 of the transmitter and outputs the signals of FIG. 4C 
by PN despreading, orthogonal despreading, and simiming and dumping. The signal 

1 5 output from the correlator is provided to the pilot separator 3 14. The pilot separator 

3 14 separates the pilot signals and the data signals from the output signals of the 
correlator and provides the pilot signals to the channel estimator 3 16 and the data 
signals to the delay 315. 

Referring to FIG. 5, there is shown the pilot separator 314 which separates 
2 0 the pilot symbols arranged in the leading portion of each data block of FIG. 4C, 
which is output from the sum and dump block 313. In the figure, a switch 511 
separates the pilot signals of FIG. 4E from the received signals of FIG. 4C and 
provides the separated pilot signals to a summer 513, which sums and dumps the 
pilot signals output from the switch 511. 
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In the meantime, upon receipt of the data signals of FIG. 4D after completion 
of separating the pilot signals of FIG. 4E, the switch 5 1 1 is connected to the delay 
3 1 5 to separate the data signals of FIG. 4D from the pilot signals. In this manner, 
the summer 513 sums and dumps the pilot signals separated from the data block 
5 having the structure of FIG . 2 and provides its output to the channel estimator 316. 
Furthermore, the switch 5 1 1 provides the separated data signals following the pilot 
signals to the delay 315. 

The delay 315 then delays the data signals separated by the pilot separator 
3 1 4 according to a TSTD flag signal. That is, the delay 3 1 5 delays the data signals 
10 by one data group when the TSTD flag signal designates the non-TSTD mode. 
Alternatively, the delay 315 delays the data signals by data blocks corresponding 
to the number of the antennas used for the transmitter when the TSTD flag signal 
designates the TSTD mode. The delay 315 can be constructed as shown in FIG. 6. 
Referring to FIG. 6, the delay 315 is provided with the TSTD flag signal 
15 from the controller. When the TSTD function is not used (FLAG=NOTSTD), a 
switch 6 1 5 is connected to an output of a buffer 611. Alternatively, when the TSTD 
function is used (FLAG=TSTD), the switch 615 is connected to an output of a 
buffer 613. The buffers 61 1 and 613 each can store one data block and delay the 
data stored therein until the next data block is received. Upon receipt of the next 
2 o data block, the buffers 6 1 1 and 6 1 3 output all the data stored therein in an instant. 
That is, until the next data block is received, the present data blocks are stored in 
the corresponding buffers. 

In this manner, the received data signals are delayed by one data block when 
the TSTD function is not used (FLAG=NOTSTD). However, when the TSTD 
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function is used (FLAG=TSTD), the received data signals are delayed by two data 
blocks. That is, while the channel estimator 316 estimates the channel, the delay 
315 delays the data signals of FIG. 4D separated by the pilot separator 315 and 
outputs the delayed data signal of FIG. 4F. 
5 The channel estimator 3 16 of FIG. 3 receives the pilot signals of FIG. 4E, 

output from the pilot separator 3 14. When the TSTD flag designates the non-TSTD 
function (FLAG=NOTSTD), the channel estimator 316 estimates a condition of 
only one channel. However, when the TSTD flag designates the TSTD function 
(FLAG=TSTD), the channel estimator 316 estimates the channels as many as the 

10 number of the transmission antennas. The channel estimator 316 may have the 
structure of FIG. 7 or 8. Further, the conjugator 3 1 8 conjugates the output of the 
channel estimator 316. The conjugation generally means an operation of converting 
signs of only an imaginary part of a complex number. That is, when the imaginary 
part of the complex output of the channel estimator 316 is a positive number, the 

1 5 conjugator 3 1 8 changes the sign of only the imaginary part to a negative number. 
Alternatively, when the imaginary part is the negative number, the conjugator 318 
changes the sign of only the imaginary part to the positive number. 

The multiplier 3 1 9 then multiplies the data signal output from the delay 3 1 5 
by a channel estimation signal output from the conjugator 318, to thereby 

2 0 compensate for the channel distortion occurring while the data signal passes the 
channel. The above described elements 311-319 constitute the receiver for one path. 
FIG. 3 illustrates receivers for N paths, on the assumption that the signals are 
received via N paths. 

The combiner 320 combines the signals received through the respective 
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paths. As stated above, inputs to and outputs from the elements 311-319 are 
complex signals. Therefore, an output of the combiner 320 is also a complex signal, 
so that the output of the combiner 320 can be divided into a real part and an 
imaginary part. The multiplexer 321 then multiplexes the real signal and the 
5 imaginary signal output from the combiner 320 to convert them into one data flow. 
The deinterleaver 322 deinterleaves an output of the multiplexer 321 to rearrange 
the sequence of the data bits, which have been interleaved at the transmitter for 
overcoming a burst error, into the original sequence. The decoder 323 decodes an 
output of the deinterleaver 322 to restore the decoded signals using the error 

10 correction code, which has been used at the transmitter for overcoming an error 
occurring during transmission. 

FIG. 7 illustrates the channel estimator 316 of FIG. 3, according to a first 
embodiment, in the case where the TSTD function is implemented using two 
antennas. The channel estimator 316 receives the pilot signals of FIG. 4E, which 

15 were separated and summed by the pilot separator 314. Also, the channel estimator 
3 1 6 is provided with the TSTD flag signal output from the undepicted controller. 
When the TSTD function is not used (FLAG=NOTSTD), a switch 716 in the 
channel estimator 316 is connected to a multiplier 714. However, when the TSTD 
function is used (FLAG^TSTD), the switch 716 is connected to a multiplier 715. 

2 0 Buffers 7 1 1 and 712 each store the summed and dumped values for the pilot signals 
included in one data block and delay them until the summed and dumped values for 
the pilot signals included in the next data block are received. 

When the TSTD function is not used (FLAG=NOTSTD), the signals 
transmitted from the transmitter have the format of FIG. 1C and the switch 716 is 
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connected to the multiplier 714. Therefore, when the pilot signals for the presently 
received data block are summed and dumped, this value is linearly combined with 
the summed and dumped values for the pilot signals in the previously received data 
block to estimate the channel distortion generated while the previously received 
5 data stored in the delay 315 passes the channel. As a result, when the signals are 
transmitted without using the TSTD function, the channel estimator 316 delays the 
received pilot signals by one data block. 

In addition, a multiplier 713 multiplies the summed and dumped values for 
the pilot signals in the presently received data block by a first coefficient sequence 

10 C„(m), and the multiplier 714 multiplies the summed and dumped values for the 
pilot signals for the previously received data block by a second coefficient sequence 
Cj(m). An adder 718 adds output values of the multipliers 713 and 714. 
Accordingly, when the TSTD function is not used, an output value of the adder 7 1 8 
becomes a channel distortion-estimated value for the data included in the previous 

15 data block. 

However, when the transmitter transmits signals using the TSTD function 
(FLAG=TSTD), the transmitted signals have the formats of FIG. 4A and 4B. Here, 
as stated above, the transmitter uses two transmission antennas to implement the 
TSTD function. Although the data blocks are transmitted in the forms of FIGS . 4A 
2 0 and 4B, the correlator in the receiver having one antenna receives the data blocks 
in the form of FIG. 4C and despreads the received data to extract the channel data 
for the corresponding user. 

In FIG. 4C, since the even-numbered data blocks DATAO, DATA2 and 
DATA4 and the odd-numbered data blocks DATA1 and DAT A3 are transmitted 
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using two different antennas, respectively, channel estimation should be separately 
performed for the even-numbered data blocks and the odd-numbered data blocks. 
That is, channel estimation for the even-numbered data blocks should be performed 
using the pilot signals in the even-numbered data blocks. So, the received pilot 
5 signals should be delayed using the two buffers 71 1 and 712 until the pilot signals 
in the next even-numbered data block are received for channel estimation. The 
switch 716 is then connected to the multiplier 715. 

As die switch 716 is connected to the multiplier 715, the multiplier 713 
multiplies the summed and dumped values for the pilot signals in the presently 

1 o received data block by the first coefficient sequence C 0 (m) and the multiplier 7 1 5 

multiplies die summed and dumped values for the pilot signals in the previously 
received data block by a third coefficient C 2 (m). That is, if the presently received 
data block is a even-numbered data block, the summed and dumped values for the 
pilot signals in the presently received data block and the previously received even- 
15 numbered data block are multiplied by the first and third coefficient sequences 
Q,(m) and C 2 (m), respectively. Alternatively, if the presently received data block 
is an odd-numbered data block, the summed and dumped values for the pilot signals 
in the presently received data block and the previously received odd-numbered data 
block are multiplied by the first and third coefficient sequences C 0 (m) and C 2 (m), 

2 0 respectively. 

The adder 718 adds outputs of the multipliers 713 and 715, and the output 
of the adder 718 becomes the channel distortion-estimated values for the data 
included in the previous even-numbered or odd-numbered data block. The first, 
second and third coefficient sequences C 0 (m), C^m) and C 2 (m) for the multipliers 
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713,714 and 715, respectively, are coefficient sequences used for estimating gap 
values, and determining the size (i.e., length) of the coefficient sequences 
depending on the number of data positions in the data block. Therefore, the 
channels can be estimated according to the positions of the data in the received data 
5 block. When the signals are transmitted using the TSTD function, the gap between 
two values for the summed and dumped pilot signals is different from the case 
where the TSTD function is not used. Therefore, the first, second and third 
coefficient sequences C 0 (m), Cj(m) and C 2 (m) for the multipliers 713,714 and 7 1 5, 
respectively, should be changed. 

1 0 FIG. 8 illustrates the channel estimator 316 of FIG. 3 according to a second 

embodiment. As described above with reference to FIG. 7, channel estimation is 
performed for the respective data positions by performing a linear operation using 
two summed and dumped values for the pilot signals. However, in FIG. 8, channel 
estimation is performed for the respective data positions by perforating a linear 

15 operation using M summed and dumped values for the pilot signals. 

Though the channel estimation methods using the channel estimators 
described herein with reference to FIGS. 7 and 8 are theoretically identical to each 
other, they are implemented in different manners. In FIG. 7, the buffers 711 and 
712 have the same buffer size and delay time. However, in FIG. 8, there is provided 

2 0 a buffer size (or length) controller 811 for controlling buffers 812-817. That is, 
when the channel estimator 316 receives the flag signal (FLAG=NOTSTD) 
representing that the TSTD function is not used, the buffer size controller 811 stores 
the summed and dumped values for the pilot signals in the present data block in the 
buffers 812-817, and outputs the stored values upon reception of the summed and 
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dumped values for the pilot signals in the next data block to store the summed and 
dumped values of the pilot signals in the next data block in the buffers 812-817. 

However, upon receipt of the flag signal (FLAG=TSTD) representing that 
the TSTD function is used, the buffer size controller 811 stores two values 
5 determined by summing and dumping the pilot signals in the buffer 812-817, and 
outputs a first input value out of the two values upon receipt of a summed and 
dumped value for the pilot signals in the next data block to store the summed and 
dumped values for the pilot signals in the newly received data block. In this 
manner, the channel estimator 316 can obtain the same result as that of FIG. 7 

1 o which uses the switch. In addition, the size of coefficient sequences for multipliers 

8 1 8-823 depends on the number of the data positions in the data block. Moreover, 
as in the case of FIG. 7, the size of the coefficient sequences in the case where the 
TSTD function is not used should be different from that in the case where the TSTD 
function is used. 
15 B. Second Embodiment 

FIG. 9 illustrates a receiver for a mobile station for receiving data 
transmitted from a base station supporting the TSTD function according to a second 
embodiment of the present invention. The receiver of FIG. 9 is designed to receive 
data transmitted in both the TSTD mode and a non-TSTD mode of operation. The 

2 0 receiver for the mobile station includes N fingers 901-90N. For convenience, a 

description herein focuses on only one finger. In addition, although each finger 
processes signals by dividing them into I-channel signals and Q-channel signals, a 
description is made herein to a process of receiving signals without dividing the 
signals according to the channels, for simplicity purposes. Each finger has two 
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paths for the I-channel signals and the Q-channel signals. 

With continued reference to FIG. 9, a switch 910 samples a signal output 
from a demodulator (not shown) placed in a preceding stage of the finger 901. A 
PN (Pseudo Noise) despreader 9 1 1 multiplies the sampled signal by a PN sequence 
5 to despread the sampled signal. A complex PN despreader can be used for the PN 
spreader 9 1 1 . An orthogonal despreader 9 1 2 multiplies signals output from the PN 
despreader 91 1 by a corresponding orthogonal code in order to extract a signal for 
the corresponding finger from the output signals of the PN despreader 911. Here, 
a Walsh code can be used for the orthogonal code. A sum and dump block 913 

10 sums and dumps signals output from the orthogonal despreader 912. 

A pilot separator 914 separates pilot signals and data signals from the signals 
output from the sum and dump block 913. A channel estimator 916 receives the 
pilot signals separated by the pilot separator 914 and is set to the TSTD mode or the 
non-TSTD mode of operation according a TSTD flag signal output from a 

1 5 controller (not shown). The channel estimator 9 1 6 analyzes the pilot signals output 
from the pilot separator 914 according to the set operation mode to estimate the 
channel. A conjugator 918 conjugates an output of the channel estimator 916. 

A delay 9 1 5 receives the data signals output from the pilot separator 9 14 and 
is set to the TSTD mode or the non-TSTD mode of operation according the TSTD 

2 0 flag signal output from the controller. The delay 9 1 5 delays data by one data group 
in the non-TSTD mode of operation and by data groups corresponding to the 
number of the used antennas in the TSTD mode of operation. A multiplier 919 
multiplies the data signals output from the delay 915 by a conjugated channel 
estimation signal output from the conjugator 9 1 8 to generate an output signal of the 
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corresponding finger 90 1 . The delay 9 1 5 and the multiplier 9 1 9 constitute a channel 
compensator. 

A first combiner 920 combines channel compensation signals Fl -FN output 
from the respective fingers 901-90N. A signal power estimator 921 receives the 
5 pilot signals separated by the pilot separator 9 1 4 and is set to the TSTD mode or the 
non-TSTD mode of operation according to the TSTD flag signal output from the 
undepicted controller. The signal power estimator 921 estimates power of the 
summed and dumped values for the pilot signals output from the pilot separator 
9 1 4. A second combiner 922 combines power estimation signals P 1 -PN output from 

10 the signal power estimators in the respective fingers 901-90N. 

An interference power estimator 923 estimates a receiving power of an 
interference signal. The reason that the receiver for the mobile station estimates the 
receiving power of the interference signal is to control a transmission power of the 
transmitter for the base station depending on the receiving power of a desired signal 

1 5 estimated by the signal power estimator 92 1 and a signal-to-interference ratio (SIR) 
estimated by the interference power estimator 923. 

A multiplier 924 multiplies an output of the second combiner 922 by an 
output of the interference power estimator 923 which outputs a reciprocal of an 
interference power by estimating a power of the interference signal. The multiplier 

2 0 924 provides its output to a decider 925, which compares the input SIR with a 
threshold value to output a power control command to be transmitted to the 
transmitter of the base station. The decider 925 transmits a power-up command to 
the base station when the SIR is lower than the threshold value, and transmits a 
power-down command to the base station when the SIR is higher than a threshold 
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value. 

The first combiner 920 combines the channel compensation signals Fl-FN 
output from the multipliers 919 in the respective fingers 901-90N, and the second 
combiner 922 combines the signal powers Pl-PN estimated by the signal power 
5 estimators 921 in the respective fingers 901-90N. 

When the receiver of FIG. 9 receives data in the TSTD mode of operation, 
the formats of signals generated at the respective stages are the same as those 
described in the first embodiment with reference to FIGS. 4A to 4G. 

The pilot separator 914 separates the pilot signals and the data signals from 

1 0 the data group and provides the separated pilot signals to the channel estimator 9 1 6 
and the signal power estimator 921. Further, the pilot separator 914 provides the 
data signals to the delay 915. The pilot separator 914 has the same structure as in 
the first embodiment described with reference to FIG. 5. Also, operation of the pilot 
separator 914 is performed in the same manner as the first embodiment. 

15 The delay 9 1 5 then delays the data signals separated by the pilot separator 

914 according to a TSTD flag signal. That is, the delay 915 delays the data signals 
by one data group when the TSTD flag signal designates the non-TSTD mode. 
Alternatively, the delay 915 delays the data signals by data groups corresponding 
to the number of the antennas used for the transmitter when the TSTD flag signal 

2 o designates the TSTD mode. The delay 9 1 5 can be constructed as shown in FIG. 6. 
Here, operation of the delay 915 is performed in the same manner as in the first 
embodiment. 

The channel estimator 916 of FIG. 9 receives the pilot signals of FIG. 4E, 
output from the pilot separator 9 1 4. When the TSTD flag designates the non-TSTD 
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function (FLAG=NOTSTD), the channel estimator 916 estimates a condition of 
only one channel. However, when the TSTD flag designates the TSTD function 
(FLAG=TSTD), the channel estimator 916 estimates the channels as many as the 
number of the transmission antennas. The channel estimator 9 1 6 may have the same 
5 structure as that of FIG. 7. The channel estimator 916 of FIG 7 is implemented on 
the assumption that the TSTD function is performed using two antennas. Further, 
the channel estimator 916 operates in the same manner as in the first embodiment. 

in addition, the receiving device for the mobile station estimates the channel 
distortion to compensate for the estimated channel distortion and also estimates the 

1 0 receiving power of the mobile station using the pilot signals. A description will now 
be made as to an operation of estimating the receiving power of the mobile station. 

FIG. 10 illustrates the signal power estimator 921 of FIG. 9 which estimates 
power of a received signal. The signal power estimator 92 1 is set to the TSTD mode 
or non-TSTD mode of operation according to the TSTD flag signal output from the 

15 controller. 

A power measurer 1012 receives the summed and dumped pilot signals 
output from the pilot separator 914, separately squares the real part and the 
imaginary part thereof, and adds them. A switch 1014 connected to the power 
measurer 1012 is turned ON and OFF according to the TSTD flag signal. That is, 
2 o the switch 1014 is turned ON in the TSTD mode of operation to connect with an 
output of the power measurer 1012. 

In addition, the switch 1014 can be turned ON or OFF in the non-TSTD 
mode of operation to connect or disconnect the output of the power measurer 1012 
to/from a buffer 1016. The buffer 1016 stores a power estimation output from the 
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switch 1014 and delays the stored power estimation value until the pilot signals for 
the next data block are received. The buffer 1016 can store the summed and 
dumped values for the pilot signals in one data block and delays the stored value 
until the summed and dumped value for the pilot signals in the next data block is 
5 received. An adder 1018 adds an output of the power measurer 1012 to an output 
of the buffer 1016 to output a signal power for the corresponding finger. 

A description will now be made as to an operation of the signal power 
estimator 92 1 with reference to FIG. 1 0. Signals input to the signal power estimator 
921 are the summed and dumped values for the pilot signals separated by the pilot 

10 separator 914. Further, the summed and dumped values include a summed and 
dumped value for the pilot signals transmitted via the I-channel and a summed and 
dumped value for the pilot signals transmitted via the Q-channel. The power 
measurer 1012 receives the summed and dumped values for the pilot signals 
transmitted via both the I-channel and Q-channel. The power measurer 1012 

15 separately squares the summed and dumped value for the pilot signals transmitted 
via the I-channel and the summed and dumped value for the pilot signals 
transmitted via the Q-channel, and then adds them. 

The switch 1014 enables the signal power estimator 921 to operate in the 
TSTD mode or the non-TSTD mode according to the TSTD flag signal from the 

2 0 controller. When the signal power estimator 921 operates in the TSTD mode 
(FLAG=TSTD), the switch 1014 is turned ON to connect with the power measurer 
1012. The adder 1018 then adds the output of the buffer 1016 which stores a 
receiving power estimation value for the previous data block with a receiving power 
estimation value for the present data block output from the power measurer 1012. 
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Here, the output of the adder 1018 is a value obtained by adding the receiving 
powers estimated separately for the two data blocks. Therefore, the adder 1018 adds 
the receiving power estimation value for the previously received data block output 
from the buffer 1016 with the receiving power estimation value for the present data 
5 block output from the power measurer 1012 to generate a power estimation value 
for a signal transmitted in the TSTD mode of operation. 

However, when the signal power estimator 92 1 does not operate in the TSTD 
mode (FLAG=NOTSTD), the switch 1014 can be turned ON or OFF. When the 
switch 1014 is turned OFF, the power measurer 1012 is disconnected from the 

1 0 buffer 1 0 1 6 . In this case, the adder 1 0 1 8 is not provided with the power estimation 
value for the previous data block output from the buffer 1016. So, the adder 1018 
outputs the power estimation value for the present data block, output from the 
power measurer 1012 as it is. Alternatively, when the switch 1014 is turned ON, the 
signal power estimator 921 operates in the same manner as the TSTD mode. 

15 Accordingly, in the non-TSTD mode of operation, if the switch 1014 is 

turned ON, the signal power estimator 921 estimates the receiving power using the 
power of the received signals for two data blocks, which contributes to an accurate 
power estimation but causes a time delay. In addition, if the switch 1014 is turned 
OFF in the non-TSTD mode of operation, the signal power estimator 92 1 has a low 

2 o accuracy of the power estimation but has a reduced time delay. 

FIGS. 1 1 A and 1 IB illustrate the interference power estimator 923 according 
to a first and a second embodiment, respectively. In FIG. 1 1 A, the interference 
power estimator 923 samples a signal output from demodulator (not shown) and 
directly estimates an interference power. In FIG. 11B, the interference power 
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estimator 923 samples a signal output from demodulator, generates a particular 
interference signal using a PN code and a Walsh code, and then estimates the 
interference power. 

Referring to FIG. 11 A, a power measurer 1111 measures power of an 
5 interference signal for a received signal. A sum and dump block 1113 sums and 
dumps measured value for the interference power included in the received signal, 
output from the power measurer 1 1 1 1, in the data block unit. A reciprocal block 
1115 takes a reciprocal of the summed and dumped interference power. 

A description will now be made as to an operation of the interference power 

1 0 estimator of the first embodiment with reference to FIG . 1 1 A. The power measurer 
1111 estimates power of the received signal. Signals input to the power measurer 
1111 includes signals for the intended user, signals for other users, interference 
from other cells, and additive white Gaussian noise (AWGN). Here, since the 
signals input to the power measurer 1 1 1 1 has not yet been despread using the PN 

15 code and the Walsh code for the intended user, the sum of the interference powers 
is much higher than the signal power for the intended user. Therefore, the signal for 
the intended user is negligible so that it can be considered as an interference signal 
with respect to the signal which is despread using the PN code and the Walsh code. 
Accordingly, the power measurer 1111 estimates power of the interference signal. 

2 0 The sum and dump block 1113 then receives the output of the power 

measurer 1 1 1 1 to sum and dump the power estimation value for a predetermined 
duration. The reciprocal block 1115 receiving the output of the sum and dump 
block 1113, takes a reciprocal of the interference power estimated by power 
measurer 1 1 1 1 and the sum and dump block 1 1 13. By multiplying the output of the 
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reciprocal block 1 1 15 by the output of the signal power estimator 921, the receiver 
can estimate the SIR so that it is possible to control a transmission power of the 
transmitter of the other party. 

Referring to FIG. 1 IB, a PN despreader 1151 multiplies the received signal 
5 by a PN sequence to PN despread the received signal. An orthogonal despreader 
1 153 multiplies the PN despread signal by an orthogonal code. Here, a unused 
Walsh code Wm is used for the orthogonal code. A first sum and dump block 1 155 
sums and dumps a signal output from the orthogonal despreader 1 1 53 in the symbol 
unit. A power measurer 1 157 squares an output of the sum and dump block 1 155 

10 to measure the signal power. A second sum and dump block 1158 sums and dumps 
two or more values output from the power measurer 1157 to calculate a mean 
power value. A reciprocal block 1 159 takes a reciprocal of the estimated signal 
power. Here, by using the second sum and dump block 1158, it is possible to 
estimate an accurate receiving power of the interference signal. 

15 A description will now be made as to an operation of the interference power 

estimator 923. All the users in the same cell use the same PN code for despreading. 
However, the Walsh code Wm is used which is not used by anybody in the same 
cell. By despreading the received signal using the Walsh code Wm, it is possible 
to remove all the signals for the intended user and the other users by means of an 

2 o orthogonality of the Walsh code. That is, by despreading the signal for the intended 
user neglected in FIG. 1 1A using the unused Walsh code Wm, it is possible to 
remove all the signals for the intended user as well as the other users by means of 
an orthogonality of the Walsh code. In this manner, the interference power 
estimator 923 can accurately estimate the interference power. 
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FIG. 12 is a diagram illustrating only the signal power estimator 921, the 
interference power estimator 923, the combiner 922 and the decider 925, which are 
interrelated for estimating the receiving power in the receiver of FIG. 9. The 
interference power estimator 923 has the structure shown in FIG. 11A or 1 IB. 
5 Herein, it is assumed that the interference power estimator 923 has the structure of 
FIG. 1 1 A. For convenience of description, new reference numerals are used for the 
respective elements in FIG. 12. 

Signal power estimators 1201-120N in N fingers of the receiver for the 
mobile station receive signals transmitted via N paths. Signals input to power 

10 measures 12 11-121N in the respective signal power estimators 1201-120N are the 
summed and dumped values for the pilot signals output from the pilot separator 
914. Signal input to a power measurer 125 1 in the interference power estimator 923 
are demodulated signals mixed of signals for the intended user, signals for other 
users and interference components. 

1 5 The signal power estimators 1 20 1 - 1 20N are set to TSTD mode or non-TSTD 

mode of operation according to the TSTD flag signal output from the controller. In 
the TSTD mode of operation, switches 1221- 122N are turned ON. In the TSTD 
mode operation, the switches 1221-122N may be turned ON or OFF. Here, if the 
switches 1221-122N are turned ON, the power estimation value is calculated using 

2 o two data blocks. In the TSTD mode of operation, the transmitter transmits signals 
via multiple antennas. 

For example, assuming that the transmitter transmits the signals via two 
antennas, even-numbered data groups and odd-numbered data groups are 
transmitted via the different antennas, respectively. The receiver receiving the 
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signals transmitted in the TSTD mode of operation, controls the transmission power 
by estimating a mean power of the two antennas. In this case, since the receiver 
should know estimated receiving powers for both the even-numbered data group 
and the odd-numbered data group, the switches 1221-122N are turned ON. Adders 
5 1 24 1 - 1 24N then add the signal power estimation values for the present data blocks 
output from the corresponding signal power estimators 121 1-12 IN with the signal 
power estimation values for the previous data blocks output from buffers 1231- 
123N to generate signal power estimation values for the corresponding fingers. A 
combiner 1257 then combines the signal power estimation vales for N channels 

10 output from the adders 1241-124N. 

As stated above, in the case where the transmitter transmits signals in the 
non-TSTD mode of operation, it is possible to calculate a more accurate power 
estimation value by closing (turning ON) the switches 1221-122N. However, the 
power estimation cannot be performed until the two data groups are received, 

15 thereby causing a power estimation delay. In the case where the transmitter 
transmits signals in the non-TSTD mode of operation, it is possible to prevent the 
power estimation delay by opening (turning OFF) the switches 1221-122N. In this 
case, however, an accuracy of the power estimation decreases. 

In addition, a power measurer 1251, a sum and dump block 1253 and a 

2 0 reciprocal block 1255 in the interference power estimator 923 operate to estimate 
the receiving power of the interference signal. The elements 1251, 1253 and 1255 
have the same functions as described with reference to FIG. 1 1 A. 

A multiplier 1259 multiplies an output of the combiner 1257, which 
combines the signal power estimation values for the respective paths output from 



WO 99/59254 



PCT/KR99/00239 



- 29 - 



the signal power estimators 1201-120N, by an output of the interference power 
estimator 923. Therefore, an output of the multiplier 1259 is an SIR (Signal-to- 
inference Ratio) signal, which is provided to a decider 1261. The decider 1261 
compares the SIR output from the multiplier 1259 with a threshold to transmit a 
5 power-up command to the transmitter of the other party when the SIR is lower than 
the threshold and to transmit a power-down command when the SIR is higher than 
the threshold. 

As can be appreciated from the foregoing descriptions, in the case where the 
base station has multiple antennas transmitting data using the TSTD function on a 

1 0 time-division basis, the mobile station receives the transmitted data sequentially or 
in a predetermined pattern, despreads the received data and separates data and pilot 
signals from the despread data. The separated pilot signals are accumulated in a 
data group unit to estimate the channel and the receiving power, and the channel 
estimated value is multiplied by the delayed data signal to compensate for distortion 

1 5 included in the received data. Accordingly, the receiver and methods for the mobile 
station according to the present invention can efficiently estimate the TSTD signal 
and the receiving power. In addition, the receiver can receive both the signals 
transmitted in both the TSTD mode and the non-TSTD mode of operations by 
altering a method of buffering the received data and pilot signals according to the 

2 0 operation mode. 

While the invention has been shown and described with reference to a certain 
preferred embodiment thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from 
the spirit and scope of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A receiving device for a mobile communication system, comprising: 
a despreader for despreading channel signals which have been transmitted 

in a time-switched transmission diversity (TSTD) mode of operation; 
5 a pilot separator for separating a pilot signal from the despread channel 

signals; 

a channel estimator for generating a channel estimation signal by selecting 
pilot signals transmitted from a same antenna of a transmitter according to a TSTD 
pattern of the transmitter; and 
10 a compensator for compensating the despread channel signals with the 

channel estimation signal. 

2. The receiving device as claimed in claim 1, wherein the channel 
estimator comprises: 

at least two buffers for storing the pilot signals; 
15 a switch for selecting pilot signals transmitted from a same antenna that has 

transmitted a present pilot signal, by switching outputs of the buffers according to 
the TSTD pattern; and 

an operator for operating pilot signals transmitted from the same antenna to 
generate the channel estimation signal. 

2 0 3. The receiving device as claimed in claim 2, wherein the pilot 

separator comprises: 
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a switch for separating the pilot signal and a data signal from the despread 
channel signals; and 

a summer for summing and dumping the separated pilot signal. 

4. The receiving device as claimed in claim 3, further comprising a delay 
5 for delaying the separated data signal to provide the data signal to the compensator 

in sync with the channel estimation signal. 

5 . The receiving device as claimed in claim 4, wherein the compensator 
comprises: 

a conjugator for conjugating the channel estimation signal; and 
10 a multiplier for multiplying the data signal by the conjugated channel 

estimation signal. 

6 . A receiving device for a mobile communication system, comprising: 
a despreader for despreading channel signals which have been transmitted 

in a TSTD mode of operation; 
15 a pilot separator for separating a pilot signal from the despread channel 

signals; 

a signal power estimator for generating a signal power estimation signal by 
selecting pilot signals transmitted from at least two antennas of a transmitter 
according to a TSTD pattern of the transmitter; 
20 an interference power estimator for generating an interference power 

estimation signal from the channel signals transmitted in the TSTD mode of 
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operation; and 

a decider for deciding power of a received signal by operating the signal 
power estimation signal and the interference power estimation signal. 

7. The receiving device as claimed in claim 6, wherein the signal power 
5 estimator comprises: 

a power measurer for measuring power of the pilot signal by operating the 
separated pilot signal; 

a selector for selecting a power value of a first pilot signal and a power value 
of a second pilot signal, measured according to the TSTD pattern, the second pilot 
l o signal being transmitted from an antenna other than the antenna that has transmitted 
the first pilot signal; and 

an operator for operating power values of the selected pilot signals 
transmitted from the same antenna to estimate the signal power. 

8. The receiving device as claimed in claim 7, wherein the interference 
15 power estimator comprises: 

a power measurer for measuring power of a signal transmitted in the TSTD 
mode of operation; 

a summer for summing and dumping the estimated signal power in a data 
group unit; and 

20 a reciprocal element for generating the interference power estimation signal 

by taking a reciprocal of the summed and dumped signal power. 
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9. The receiving device as claimed in claim 7, wherein the interference 
power estimator comprises: 

a despreader for despreading the channel signals transmitted in the TSTD 
mode of operation using a specific spreading code; 
5 a power measurer for measuring power of the despread signal; 

a summer for summing and dumping the measured signal power in a data 
group unit; and 

a reciprocal element for generating the mterference power estimation signal 
by taking a reciprocal of the summed and dumped signal power. 

io 10. The receiving device as claimed in claim 7, wherein the pilot 

separator comprises: 

a switch for separating the pilot signal and a data signal from the despread 
channel signals; and 

a summer for summing the separated pilot signal. 

15 11. A receiving device for a mobile communication system, comprising: 

a despreader for despreading channel signals which have been transmitted 
in a TSTD mode of operation; 

a pilot separator for separating a pilot signal from the despread channel 

signals; 

2 0 a channel estimator for generating a channel estimation signal by selecting 

pilot signals transmitted from a same antenna of a transmitter according to a TSTD 
pattern of the transmitter; 
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a compensator for compensating the despread channel signals with the 
channel estimation signal; 

a signal power estimator for generating a signal power estimation signal by 
selecting pilot signals transmitted from at least two antennas of a transmitter 
5 according to the TSTD pattern of the transmitter; 

an interference power estimator for generating an interference power 
estimation signal from the channel signals transmitted in the TSTD mode of 
operation; and 

a decider for deciding power of a received signal by operating the signal 
1 0 power estimation signal and the interference power estimation signal. 

12. The receiving device as claimed in claim 11, wherein the channel 
estimator comprises: 

at least two buffers for storing the pilot signals, 

a switch for selecting pilot signals transmitted from a same antenna that has 
15 transmitted a present pilot signal, by switching outputs of the buffers according to 
the TSTD pattern; and 

an operator for operating the pilot signals transmitted from the same antenna 
to generate the channel estimation signal. 

13. The receiving device as claimed in claim 12, wherein the pilot 
2 0 separator comprises: 

a switch for separating the pilot signal and a data signal from the despread 
channel signals; and 
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a summer for summing the separated pilot signal. 

14. The receiving device as claimed in claim 13, further comprising a 
delay for delaying the separated data signal to provide the data signal to the 
compensator in sync with the channel estimation signal. 

5 15. The receiving device as claimed in claim 4, wherein the compensator 

comprises: 

a conjugator for conjugating the channel estimation signal; and 
a multiplier for multiplying the data signal by the conjugated channel 
estimation signal. 

10 16. The receiving device as claimed in claim 1 1 , wherein the signal power 

estimator comprises: 

a power measurer for measuring power of the pilot signal by operating the 
separated pilot signal; 

a selector for selecting a power value of a first pilot signal and a power value 
15 of a second pilot signal, measured according to the TSTD pattern, the second pilot 
signal being transmitted from an antenna other than the antenna that has transmitted 
the first pilot signal; and 

an operator for operating power values of the selected pilot signals 
transmitted from the same antenna to estimate the signal power. 



20 



17. 



The receiving device as claimed in claim 16, wherein the interference 
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power estimator comprises: 

a power measurer for measuring power of a signal transmitted in the TSTD 
mode of operation; 

a summer for summing and dumpmg the measured signal power in a data 
5 group unit; and 

a reciprocal element for generating the interference power estimation signal 
by taking a reciprocal of the summed and dumped signal power. 

18. The receiving device as claimed in claim 16, wherein the interference 
power estimator comprises: 

10 a despreader for despreading the channel signals transmitted in the TSTD 

mode of operation using a specific spreading code; 

a power measurer for measuring power of the despread signal; 
a summer for summing and dumping the measured signal power in a data 
group unit; and 

15 a reciprocal element for generating the interference power estimation signal 

by taking a reciprocal of the summed and dumped signal power. 

19. The receiving device as claimed in claim 16, wherein the pilot 
separator comprises: 

a switch for separating the pilot signal and a data signal from the despread 
2 0 channel signals; and 

a summer for summing the separated pilot signal. 
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20. A receiving method for a mobile communication system, comprising 
the steps of: 

despreading channel signals which have been transmitted in a TSTD mode 
of operation; 

5 separating a pilot signal from the despread channel signals; 

generating a channel estimation signal by selecting pilot signals transmitted 
from a same antenna of a transmitter according to a TSTD pattern of the transmitter; 
and 

compensating the despread channel signals with the channel estimation 

10 signal. 

21. The receiving method as claimed in claim 20, wherein the channel 
estimation signal generating step comprises the steps of: 

delaying the pilot signals; 

selecting pilot signals transmitted from a same antenna that has transmitted 
15 a present pilot signal, by switching outputs of the buffers according to the TSTD 
pattern; and 

operating pilot signals transmitted from the same antenna to generate the 
channel estimation signal. 

22 . The receiving method as claimed in claim 2 1 , wherein the pilot signal 
2 o separating step comprises the steps of: 

separating the pilot signal and a data signal from the despread channel 
signals; and 
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summing and dumping the separated pilot signal. 

23. The receiving method as claimed in claim 22, further comprising a 
step of delaying the separated data signal to synchronize the data signal with the 
channel estimation signal. 

5 24. The receiving method as claimed in claim 23, wherein the 

compensation step comprises the steps of: 

conjugating the channel estimation signal; and 

multiplying the data signal by the conjugated channel estimation signal. 

25 . A receiving method for a mobile communication system, comprising 
10 the steps of: 

despreading channel signals which have been transmitted in a TSTD mode 
of operation; 

separating a pilot signal from the despread channel signals; 
generating a signal power estimation signal by selecting pilot signals 
1 5 transmitted from at least two antennas of a transmitter according to a TSTD pattern 
of the transmitter; 

generating an interference power estimation signal from the channel signals 
transmitted in the TSTD mode of operation; and 

deciding power of a received signal by operating the signal power estimation 
2 0 signal and the interference power estimation signal. 
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26. The receiving method as claimed in claim 25, wherein the signal 
power estimating step comprises the steps of: 

measuring power of the pilot signal by operating the separated pilot signal; 

selecting a power value of a first pilot signal and a power value of a second 
5 pilot signal, measured according to the TSTD pattern, the second pilot signal being 
transmitted from an antenna other than the antenna that has transmitted the first 
pilot signal; and 

operating power values of the selected pilot signals transmitted from the 
same antenna to estimate the signal power. 

10 27. The receiving method as claimed in claim 26, wherein the interference 

power estimating step comprises the steps of: 

measuring power of a signal transmitted in the TSTD mode of operation; 
summing and dumping the estimated signal power in a data group unit; and 
generating the interference power estimation signal by taking a reciprocal of 

15 the summed and dumped signal power. 

28 . The receiving method as claimed in claim 26, wherein the interference 
power estimation step comprises the steps of: 

despreading the channel signals transmitted in the TSTD mode of operation 
using a specific spreading code; 
2 o measuring power of the despread signal; 

summing and dumping the measured signal power in a data group unit; and 

generating the interference power estimation signal by taking a reciprocal of 



WO 99/59254 



PCT/KR99/00239 



- 40 - 



the summed and dumped signal power. 

29. The receiving method as claimed in claim 26, wherein the pilot signal 
separating step comprises the steps of: 

separating the pilot signal and a data signal from the despread channel 
5 signals; and 

summing and dumping the separated pilot signal. 

30. A receiving method for a mobile communication system, comprising 
the steps of: 

despreading channel signals which have been transmitted in a TSTD mode 
10 of operation; 

separating a pilot signal from the despread channel signals; 
generating a channel estimation signal by selecting pilot signals transmitted 
from a same antenna of a transmitter according to a TSTD pattern of the transmitter; 
compensating the despread channel signals with the channel estimation 

15 signal; 

generating a signal power estimation signal by selecting pilot signals 
transmitted from at least two antennas of a transmitter according to the TSTD 
pattern of the transmitter; 

generating an interference power estimation signal from the channel signals 
2 o transmitted in the TSTD mode of operation; and 

deciding power of a received signal by operating the signal power estimation 
signal and the interference power estimation signal. 
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31. The receiving method as claimed in claim 30, wherein the channel 
estimator comprises: 

delaying the pilot signals; 

selecting pilot signals transmitted from a same antenna that has transmitted 
5 a present pilot signal, by switching outputs of the buffers according to the TSTD 
pattern; and 

operating the pilot signals transmitted from the same antenna to generate the 
channel estimation signal. 

32. The receiving method as claimed in claim 3 1, wherein the pilot signal 
1 0 separating step comprises the steps of: 

separating the pilot signal and a data signal from the despread channel 
signals; and 

summing and dumping the separated pilot signal. 

3 3 . The receiving method as claimed in claim 32, further comprising the 
15 step of delaying the separated data signal to synchronize the data signal with the 
channel estimation signal. 

34. The receiving method as claimed in claim 33, wherein the 
compensation step comprises the steps of: 

conjugating the channel estimation signal; and 
2 0 multiplying the data signal by the conjugated channel estimation signal. 
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35. The receiving method as claimed in claim 30, wherein the signal 
power estimating step comprises the steps of: 

measuring power of the pilot signal by operating the separated pilot signal; 

selecting a power value of a first pilot signal and a power value of a second 
5 pilot signal, measured according to the TSTD pattern, the second pilot signal being 
transmitted from an antenna other than the antenna that has transmitted the first 
pilot signal; and 

operating power values of the selected pilot signals transmitted from the 
same antenna to estimate the signal power. 

10 36. The receiving method as claimed in claim 3 5 , wherein the interference 

power estimating step comprises the steps of: 

measuring power of a signal transmitted in the TSTD mode of operation; 
summing and dumping the measured signal power in a data group unit; and 
generating the interference power estimation signal by taking a reciprocal of 

15 the summed and dumped signal power. 

37. The receiving method as claimed in claim 35, wherein the interference 
power estimating step comprises the steps of: 

despreading the channel signals transmitted in the TSTD mode of operation 
using a specific spreading code; 
2 0 measuring power of the despread signal; 

summing and dumping the measured signal power in a data group unit; and 

generating the interference power estimation signal by taking a reciprocal of 
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38. The receiving method as claimed in claim 35, wherein the pilot signal 
separating step comprises the steps of: 

separating the pilot signal and a data signal from the despread channel 
5 signals; and 

summing and dumping the separated pilot signal. 
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(54) RADIO COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase subscriber capacity by 
making control channels in a cell common by a 
nondirectional antenna, and then making it hard to causing a 
softer hand-over in the same cell and eliminating capacity 
suppression accompanying the doubling of a line. 
SOLUTION: An array antenna 17 has proper phase rotation 
and addition processing done by a beam generating means 1 
and is made to correspond to a beam space. Its directional 
beam is coupled by a beam switching means 2 with a 
speaking channel transmission and reception means 3, and 
respective communication channels and transmission and 
reception directions are coupled with each other. The 
connection between the beam and channel is controlled by a 
base station control means 8. In addition to the antenna 17 
which radiates or receives a control channel, a 
nondirectional antenna 11 is fitted for control channel 
radiation. A signal generated by a control information transmission and reception means 12 is sent from 
the nondirectional antenna 11, so nondirectional radiation of the control channel is actualized. 




Consequently, general transmission of control information can be performed while making good use of 
characteristics of the array antenna 17. 
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fSO£Sl( 0 fcfa^ £ ISSf T ^ * ^ft £ * o ft y^bi* 

-A^#|^tlJffl)TSSffiMf|IJ : ffl]#a^6ft'3. 10 
AI^S ti , * S to«31ff ifef; 6 jiff 3 ftfcM#* 

^©e-A-csft u -e©w, Mt>&tmnmmi\ 

a t, > WffiS© f-Al:MU ft ^Mliftr 

aft fnio j: ^ a u mi&ztum-r a c £ * 
w « £ l. . MftEsaftaa©^ ^ ^rHft s^i s 

ffi©M^ffifSS*, * £i^Jffi©Mgafi «tti)Sa*>6© 
^&©K»©lfiM*\ ISffi©*S«ffS^^^ffi©ft| 

mam »»m k ^tsTPaijj^ himt * ^maff mm 2 0 

jlflS^SI *P 6 ft 4 jiff v'XfAK *j 

i>r, »}g r&itt t - a imm? ^-Ait-^^ 

p?sasf»« , ft* * mo&mm mumum? 
mmMmw&mm* mm & 4 o «smr * c £ #m £ 

[it^2 ] is^ji 1 iatg©M^aft ^fAKfco 
t, iWssaffa^J!^, ^^07 hi^iltti^ 

sft^g*©*^ u tcm^zmi-t &mm$ite.T > ^ * 30 

[it*ii3 ] ii5fjiiiiae©&E^aff^^7-AKte^ 
$b, Stiffs, mmic&m-r&>mivbm*m 

©^fflfffSS, M^frrfsllTSftfeOSc, -en^e 
ft, tisfta, *st,»ti|gi— }||fiitfetf-A«:i5t,*rS6 

t a f gfatt e-AKisUt ID— ©tf$R© jUgff fctf -5 c 
£K<t«3, |gaffiM«g£i:^6Jl,fc£i*K, |SJ— © 40 
flNfoWNftt t 0 , * S l» fc f J TENET 4 «fc 

o c '-a*j^»3 sfcsc £ £#®£ Thmmm 

[ 1**11 4 ] If^ll 1,2,3 1 B»©«Saff f -At-K 

tcfe^r, ? v ^^mtttimnfi-m^mm <cd 
ma) #sr&&c££#m£ir4M£afr>XT-A 0 

[g»*3B5] 11*113, 4IBi£©*Saff>'XT-A(Cfe 
ft IB, -f n h 4 HIKIK^ISIfc-r 

sc £^#m£-rsjte«afr>^f-A u 50 
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2 

[If 6 ] it ifcm 3,4,5 mffi<D$mniW %s XrA 
MfBMffli, »^-^>^'fffB£i±^, aoiHtrEHs 

T4 c £ zwm. £ -r 4 «isft ^ ^fA = 
[IS*JB7 ] IS*Ig3, 4, 5, 6i2»©«nafr>* 

tf — A ©^|fe© 27>©l«TitSCi4»l 
£ T -Stef&afa X t- A D 

[If *a 8 ] if jjtm 3 , 4 , 5 , 6 , 7 iBlS©4a«aff 
y^fAKfcl^, i^^p, Mf-^K^©JUM^ 1 
>#;Wi(TT;'«) SStiStlf^Oft-C^a? nfcShort Co 
dc§|3£, I«1f^KJ;5raKjBi, ^©J^M^->> 

nq CodegB£©*1^6ft , ^^fflft S*tCfcW4 

inmmQ ] it*n3, 4, 5, 6, 7, 8zEM<D$m 
a©^[^b, itfisisafi mmmz ^ t-r&iE&n 

^©IH^^TI^-C* D , *4^f aft »J4^55> 6©/f ^ o 
? H ft-^^^ft oJftgft S> 4 te^aff ffi^ £, IS 

rawiytj^cc-stffliisr'* 4 e: £ ^#^£ r 4«^aM 

^fA„ 

[|»*3@1 0] lf*i!8IBtS;©^am^X7-AKte^ 
6ffe©4R«aff £ PI Dt, ao0lsSJafcM£® 

«^a«*±tii^ £[s]Dr*^c£ r stefgaff 
[it*iai 1 ] it*iBi ommcommmm ^fAKfc 

C^T, i^^Ov hff-^OftS|3IJtS*GPS©^B#«rS 

fir 4«^*&4ff«a<f saiitcMft 0, -enKpjt|-r 

£C £Tlf -5 C iefit5iii(l->XrA, 

[W*ai 2 ] if*iii ois«©««am^^^AKfc 
^x, a^^tJ> h<f^©fts^w^«*6iH]fflft^-^ 

t> 6 r tf "5 C £ £=f# ® £ -r 5 ftftaif^ ^fA. 
[af*ra 1 3 ] i»*ia 1 OiBtgWftt^aM^XT-AKte 
o^T, -g-4H&affS*Jlfc][[ifi;#-^^-oW, -eojlH&tc 

aft aiiM ttwi g§-r 4 ftefesssift stte ©^" a ^ h ft # 

*SiL. ^-©fifflK J; 0 ftfe Wi©ffi^te^aff »M 

^rfB*f^-SJ;5isiiE1--g)C£-C, ^[i? hff^©«K 
[if *S 1 4 ] if *S 3, 4, 5, 6, 7, 8, 9, 1 

o. 11, 12, i 3mm<DmMkm.m>>^'rMcidv> 
r, wmmmmimu, smts*2^jw±^^, ais* 



fil, WU p ~j Y mmrz $ A 3 >^K*Jtt 
iSSffiSlff ft ^ U^#f# 6 ft S «fc 5 Sc, S;ff *©«Mi 
« ft *t U r H73 % m T S C i € i T * SSMfi x 

[If^li 1 5 ] mmM. 3 , 4 , 5 , 6, 7, 8, 9, 1 
0, 11, 12, 13, 1 4IStS®ftEiUI{f ixXfAtc 
te^r, KMfBIffS^J, SfiH£2^JW_hft^ a io 

ft mum s -tunf - ^ u -e©ftiftA©ft s 
p .y h ft#*igEjffi*tc5ii*-r * * ^ s > 

A© b#IB w ids t, > r ttff n&M to T, -e ft fcW© £ 
-Y 3 > ^ tcMIStf f H£S££ d i (c J; , T f J SBltcfcW 
S^4IJ«l, TQH»S«*iffllIl3-e&Ci*4S« 20 

[S9*J|1 6] ft*II3, 4. 5, 6, 7, 8, 9, 1 

o, ii, i2, 13, i4, i btmommmm^x 
«aft^©*A^iMffi^Bi^HfW) /wo.hK 

[»JJS5H1 7] »JRJB3, 4, 5, 6, 7, 8, 9, 1 
0 , 11, 12, 13, 14, 15, 16 3Bi£©te®iI 

ntt3!|(Offi|^|f4 ti" — A 35a *E> £ (,> BSM L , R— £ 
CD W f B L MS* L ft t > C i i -r 

aft^x-f a„ 

[st^n 1 s ] mmm 1 , 2%m<mmmm v-xt-acc 

.Xt-a 0 

[it^ii 1 9 ] smm 1 , 2iats©«^aM->XT-Aic 

•tTSigJsafi ^rA, 40 
[11*112 0 ] lf*IB 1 , 2fa«5©«^Hf VXfAiC 

Mgaft^xT-A 0 

[lf*IB2 1 ] lf*IBl. 2, 18, 19, 2 0 IBS© 

M&aft ^x^Accfct»-c, it-A ©^& a^mjsg 

K>Pf-rS^fiSfc?f 5RAKE^J6ST?*a**iRfili-ra 

Msaft^^T-A 0 

[St*H2 2] StmUl, 2, 18, 19, 20, 21 

latgoteSfflft^xT-Atcfctvr, Mtst-AH, 50 
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[ifl5R]S2 3 ] ti5j<Ifl3, 4, 5, 6, 7, 8, 9, 1 
0, 11, 12, 13, 14, 15, 16. 17, 1 
8, 1 9, 2 0, 2 1, 2 2l5»©M«Mff yXfAlc 

n^a i -r s fc«aff ^> x a = 

[If *3B 2 4 ] It^S 1 IBtgOM^am^-X T- A KfcU 
tCfct^T, 1 ^^^«±©fuffl^^*>^T^JjSL, PS 

[0 0 0 1 ] 

flSH^SKUB-rS. *^WW^fiJ^S®^S (C 

dma ) fcaytiTSftaasfiteJ-'* ■y-^^BWKSSMwr 

[0 0 0 2] 

[^*©SI*j] ^^7«safi^XT-ACc*3^r, ^© 

©—■ otcEI^-b^^^^*?). H6EaHS-te^^73Tt 

k©-ca>&o 

[0 0 0 3 ] HS-fe fZMAtte* ^i&ltt^fe'J^© 

SH±S^-C*Sn a6Ccfc^rt*3o©-fe^ j?fl -o 

1-^7>ftl 7 a-cltt*l 9^12^^22-24 

[0 0 0 4] jfi^, $mjAM<D&S.79teZJttt It 
aaStirt,^?f^S[J^ffifel (CDMA) ^jitKJo 

^©lalffitC/^ -Y P y h ft^i^S-C* 4 „ CDMA^ 
i> * ^Mft S Sttim© J; 5 tcflfiT 4ci #r # 

4. 

[0 0 0 5] i7ai£-fe9^M€SfflLfcC DMA 
^M^aif XfAKfctfS SffiM ©ffifg ^ P m 

[0006] as-fe * *:£5STttira©j: 5 tc t> 
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©j; o fc, en-en^, am? + *;i/jnsfi^©2 8 , 
mgmm&5zm^m2 q , aMMtt«*^^3 o , 

[0007] jiff? t *;nstfs 2 8 «, mmmffl 

it aot ffitt^^^r mmtrfcrnrz, 
[0008] wmmm wM&m ^122 q &m&m& 

tf, Stilt ©=KJ»J, * s h c/-^<D«J»KtKC, BKlfff 
^WfE^, @S«(JSfES©W*B£-fF.ia, ft-^JSS^SK 

[ 0 0 0 9 ] «*BflNR£JiE^K 3 0 5*, ^-^7-9 

xifatw©MSWfB^, fls*ic*f-r&sa«WKR. ant 

M© I D*W6ti5. 

[ooio] ^-v^itmsms&Bts i a. *5S«:*f 

^mb^^Lfc^icB, h ? - f ct o v? l 
JB*tfi>easn, * © and *c «e t, ^ - > 

[00 11];Wci 5 h 3 2 «, jf&3fc©^ 

[0012] «±©^S5ff^EL S^4^g2 8 
-3 2Ci-fe^^»^®3 3KJ;t3, ©fflSti 

j: (j l o©^rfSff-Si-ic^3nT>7 u -M 7*»6fiS®3 
[ 0 0 1 3 ] Sfc, -fe^-ci fcfcufflffflF, 1?3tiSlt& 

[0014] Lsfeu co.t^tt-bi'^fctt^o.t^a 



r^S/cB-fe^rar©^^ F^-^'©»l»^i#x. 

[0015] ^^^©M^iniis*-?- *;n?jfirc 

f ^> Fsf--^£tr#- h WOfti 
B#}c 1 -o©ig*^2 -^>©-fe # £S|J% 2 -3©SMMic|H]II# 
K"54*^CiM>It'*^„ L ^ L % #s 6 2 o © H2 2? 
£#5|SJIt§K 1 ooSISiggtSi, 2o©-fe^£©T 
>fti ©J Wf $ SSfa T & t £ CC J; *3 , -feJ^ftil 

t <D$timmg.M®m$ n& ^ <£ 5 . ^«© ? + * ^ 

[0016] C -5 Lfcgl^izi'^^S?:^ e.fc^M§ 
425'^^!Slt€>*^iLr, 1995 ¥S^«f gSff ^ 

©^i"jf+.^ a iU^mm l , fiks© rvi -.•iV-i-i:] 1 : . •' ••:» r 

Off? 4 ^7M7>ft»i3ntl^. 7U-f7 

> f ^ c ^ tt^ifij tc^fi-r § ftewa«J»*{c *f- u jg 

fatt fcf- A ^r^l fc 3 # 5 C i r-T^S 6 T C i *s pJHB 

sf^y** • f- a • (dbf) mm 

<Dftl>M 3 . f-"^ ^ ^ ;HeisgSffi©¥»f cc J: o * ^ts 

[0017] 

[?6n^j»9tLJ;^iTaWgI] CDMA^Ktetf-fc 
H5E-fef f^SC-rtt. &-te^^^fIS^[|©BfflMicM3i 
t, ^*7^n^fH5?iJ©fifSr^^a^ h^#*ffl*fi>-r 

-j^^f^ri^o L^L&^6c©fcsi>, yv^> 
Ft-^»$iCi«}ft S 2 42 ^ * fC^IB^CC 2 ^©fiff SS 

[0018] s/cEi^^i' iffB-fei' tty&onmmvT 

SS^H3(CtST 0 Stfll^2 0 cfc^fg^ttT^f-^tCj;^ 
HfHSPff-^^liS.|-3nr^-S (5 5, 5 6, 5 7) „ St 
#*C©J: ^JSi2^^fa1©ilWiifC^S^, T>T"^© 

h m-^Kft^ §tis ©nspM^« -fe jwmm-m a r is w & 

[0 0 19]-*, TU-YT^^fflUfcvXf-AE* 
W?t * ;UO J: 5 ^^ttO^t, v[f ( 42 

f ) flOfflJK^rliit 5 C i Ifflirc ft 4 . Chte 

r > -r ■rfn^-ifimmfi- & fc a M§i&jttr 

?+ *JU©J: 0 ^^fttt©W^tf#^^Wic31S*S 
[0 0 2 0 ] ifcCDMAr£ff*^AVo y hff-^ 
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t * T <0 ft f B <DMJ] "C W t » It* * tS * -5 fc * , C CD^pfej 
[ 0 0 2 1 ] 

am mm £ mmoDrntmrn as*** e> & s asuums'* 

fAt*,t, gMKMfg SMM «ffi8£© T > f - i ' ic «fc 

r ffift©fifai£ t - a o m t if - A^jjg^jg £ , ffl 
t r> & & *) mmm%<D^.mm%a $ ais * + * ^assft io 

^ & £ , ISMIg + * ;i/jMSm^S ©*BS L> fcff # <b fl 

ass * +■ * )m&m^mELVv-j*mv&-m*:fflmr * 
aft ffi*^ earns nfcft ^mm<D tf- a rsm l . 
t - a ?t3ijr , & s i > t°— a h -zm^ 

9ftl» . * £ I » Baft a n aW© J: 0 > tr - A 4 iSW L T 

& -5 ^fSj tc & s f&cD&Egiiifi ^ , & £ t, > {iffi©,«ga 
ft £JBi»*p &©^jg©RW<DHiJ?flft> . Rfl&©*R*8aim 

^^^©tesaMam^cc^rs^m^^siM-r 

fT>X^ AWsi»t , fgjgfttt b' - A {JPST £ f- A 

^ ^-^>^«#g©$ij©w 

fKii«g^'STK«iaff SttJlfe 6ffi$f& 4 «M 

ftt^am ^ f - a j; o § n 

6= 30 
[ 0 0 2 2 ] SfcifsmSB, JiiBjte^am S^-rAic 
fc^r. MteSailSift/mA\ ^VP v Hs#£fMfflFfi 
#&£fiSRtfSM tT SSiJWtfgSSff «££ , l£$iJ«r 

mm^mmzo^m u /eft #%ii*fr s^fiifijttr >t- 
> T-^gf £ ttsijtcjyg-r sci <M#gi-r sat 

Saff ^> * t- A CC J; 9 3 ft 2, „ 

[0023] ifc±fESjatj. mmoimmmmmmmt 

r, ^ftE$aaffS±tii.)lt»S©T>T'^fci;ar>f-^ 
g¥£, I^T>T-^©S^tceffl@$s^#x.rffi^©Jg 40 

fttt k - a zit k> ffl-r t*-A»g £ .. 

Kte^aff 6 ffl § ft 3fc0iB©Sng3|S*3 , 
^ft^JS^Si , ^«Ka«*M^fc J: ^StliiM©Ji 

£ & i> mtp 6 ©w$a^ft£sa#ffl* k^i -r a fc^© 

Sffi^fg^Uttf R^feS^" * «±WBMt$E£)^f££ , 
^ESSitaiiMSS^KSff L , *ofcC£^:*D6-ti'S^ 
-y>^ftfS^^STS^-i>>^ftf6^JjS^£, ffl 

M't£. ^»itil^t*$S^^£teBfg^'[*fgi^S 50 



t - AjsjR^ £ . ttaittMtt^ifeis^© £ KDf imm 
#a^)S^ k £ ^E-t - ^ > y w* tffiis^s £ is at s ^ + * 

6 a o . afit -c * 5 mmim^<D^ faicm 
vxmm%mm&z>^imm%ni\ mammm^ £ 

i*mmMfeM8smiP<z>&-cmi3: S^lfiJK * Sffi©«M 

amsss* . * * t > tiffi©*s^aft a±4M* 6 ©^F»ig© 
!»©ii , itfiu©««aff s^^^m©««aft s 

«eKa^s*j»3&» te^aft -> ^ a st o r , r 
te^aftSiffeMtt. pfffists^E, an6^M*ntwa. 

ft- &awam-fgiujt£tf-Aic:fot>Ti£ 

-r a Jgrfi] t • - a tc o r m—<o m R© M^{f * tf n 

£0cj;D, »SWii^RS^J:^P>ll.fc£#fc, |bJ— © 
m VUmft $ *> 0 . * 5 1 > tt/a^tt s t> o -c Eli T 4 J: 

5 tam f - a 3&1 w 0 s*3 a c £ £ f s *^aft 
[0024] * fc, ±iEsgi«±ai©^aff^.x7-A 

$ST 4 C £ ft £ r Stejiaff 7- A tc J: *) Mik 3 

ft^o 

[0 0 2 5] S&, ±ISWII«±KE©to^aff^^^A 
ifi^^Dlt«> |g^-> > >^1fM£i:t^ 1 3I^3I^rHI 

fta D 

[ 0 0 2 6 ] S fc_hlBi*gitt_ha©ft£^aff v-J^^AiC 

fe^r, hfS-^a^g(^'ffit"-A^©2 5>© 

1 «Ti T4 C £ «r^«i T^Miaff 7* A $fc ± 
laiSMiiJi^MSaff^xf-Atcfc^r, |aVp ? 

*-CjESt 3 ftfc Short CodetP £ , MimW^ KiS ffife 

K J: SJfctfe ^fflfc Long CodeS £ ©ffi^ 6 & 0 . 

!RFS £ U fcto^ilff v x r a tc J: 0 jgifc 3 ft S . 
[0 0 2 7] Sfc. JilB^BJiai©ftE^aff^X7-A 
K*il»T, gE^-fOv Mf^$B#f3ftat:-A©7T-p51 

■CA "3 . A 5ISIffStM* 6 ©/^ Av. -j \- ##*sg: 

ft njffifc * s to^aft jss*3Cp e m a £ , i««aft 

0»jJl3ft5„ 

[0 0 2 8 ] S fc, ifBi£IIttii3i©MgUIff ->XfA 
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tcfet^r, msu\i-> hmnfiK mumm^mti^fy 
r mmonmz fa. is «t yitofit^M^ 

ttSSftE^fflff i |h| D -C & Z C £ £#:fi £ -T S ft 

mmm^ x t a k x k> m$k s ft 6 . 
[0029] &tc±fm&u±M<Djmmmtsx72*tc 
fcivr, wuv-j hff-stffl^jtsiufig^GP s©m-^* 

C irff 5 C £ 4#Sit SMlffiff v-Xt-aCcJ; 

■9S*?n4. io 

[ 0 0 3 0 ] £fc±fSt3!iItt±5$<Dte«ll ->XfAK 
* *> 6 o r tT 5 C £ Srfjfi £ t- jiff ^>X t- Ate J: 
[ 0 0 3 1 ] ifc, ±fBI5lia±3zE(D«iiiff yXfA 

I^iSi L , ^(Dmmc J: 0 * ^)[IIfi©ia^*Siiff 
»WiB&Ji.-3W\ ^©Stt)i0vx?JtifcA^n 7 f. 20 
<t#*5fil>fc £ -Y 3 > ^fciS^ -Y n » h L 

^ KiBisi * *i -r s c i * «fs i -r & fc^aft ^xta 

tCct9j|?&;Sft& 0 

[0032] 4 tc±nmmte±M<Dmmmm ^xt-ak 
tc fc ^ r iifisft tp<nw&jgi!m<nmik&> zmmm 

P » F ©#3M8Ea^KBMEf 4 $ -Y 5 > y&W? 30 
5 iftBSffiSM U •^JU 6 ft £ «fc 5 tc . 5Efi* © 

s^K^Lrs^ftjiJffli-r ^ c i %#si -r sting 
[0033] * fc_htai*^«jia©jte*aiiff wfAK 

IS* tc ^ r 3H££M#©KifeSJy41-©1g£&* S fcStSHi 
a?h ft #Ai^5KtcS J*-r 5 * -Y 5 > 

*3? -y 5 ^t?t<Dmmmm%i£m tp<Dwm^^t 

A© msmc *j t, vr Bfiff £Yt ft T\ fttW© * 
-Y 3 > y K»i£ra«£iMS c £ tc «t 0 . TO EWSlicfeW 
SW&B-MU TOm^fi^JJDS-fiSCi^fi 
£ -T £ MJBIff -> X 7- A K «t 0 JBSfc 2 ft Z, . 
[0 0 3 4] ifc, TiaiSSteTtfiOMItaff^Xf'A 

tcfe^r, h®#®«H)e*iiflt» («a 

ft S*oft A^«SS^H=f r B 1 )/Wn,Ftw, 50 
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mpg ) -c * s c i * i 1 ■ h mmm ^ x ? a k «t 0 

Wi*5ft^ 0 

[0 0 3 5 ] * &, ±isa!jSB_haS©^ffl^^X-f A 
ttt*-A^6ISW&4^ttSflL, fsj-^fci* 1 o© 

twfi L^eiL&t^i^gita mmm v x ^ a 

[0 0 3 6 ] 

[0037] H3tt8e*o@^-fe^f ^sarsr* 
cftlilS^Sffl^^^I-aFJftctSgL, ^ft^-ft 

©aiflusi k igfattT > t- ^ *ai fj ^tw fc © i mm-c * 

-eft^ftO-fe^^r (5 5, 5 6, 5 7) t'B^n? 
C©-feJbrttci^iS* 1 0 ttizJb-tf-^CcJ; D 'Wn si 

Mf-^-gffu -^©^fcb^;i-©i^^-fe^f iaftr 
4 U 

[ 0 0 3 8 ] WiitimWiL, S*tC:fcW&ffi©-te^£© 
^Qj Ht#©«fi«*jAJ«iB*Mitfc*&, flb©-fer 

ry^3r^>F*-^j iPfESftS^vi^i6 
ft^„ T fflftWiCfc^riS— M2o©-fed?^i 

rai^K2*oia*ii*»fii-r4. ^L-r^-rft^-fei'^i 
m\mmmb. mm ss* i *{cm-t„ cfttc^Dte^Rir 

WO^^^HilSft^o 
[0 0 3 9 ] L^L, ^©fca&tCV7 f^-a-c 

S*©?S!*iJWBif**Ttf ^{Jf © ? i- * JF^?S« L 

r^<^^*^„ CftBW^-fei; ^fc J; OJMI^fcS 
ti^Ci CC J: S^«SWtt«S-C*4 u 
[ 0 0 4 0 ] El 1 ttSesfeOTU-f T>-f-^=£fflt»fcK«fc 

ft. e-AJR^-j^i*J'j6-r3W6fiS. -e©}^tte- 

a^ x-Avm^m. 2 tct «3 ais? + ^m^m^st 3 

ft^„ cot-Ai?t* ;boiiiiS«W« 8 
tCj:t3M©Sft&. 

[0 04 1] Jg*tt-teJH*3©t£*i ^7?[^tci;^TS30\ 

atiJ?jitUfflr^8tt. fflM*s^ttK"A©rt, mis 
^©fc:--A^3llR*^mi:fiS©^©t'-A 

^3ftS„ 
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[0 0 4 2] UEfc. Sff^fCfc^TiS, gf H#tC«k^ 

i ^s^srsff l fcjift ft tr- a £diiR i, r t «3 TO 
itScif, M*fr^l"J^©*f*friS^fS»£l»^ 

[0 0 4 3] C©t*-AX^-XKJ;67H'7>ft 

©<£ *5 & 'jk*m<D iff I * fit f g©K t > K o t > T fc£%fi 3 ttT 
[0 0 44] S2iS^HJ3fc#§T>7-^©Jg^tt^7^ 10 

1*4. 5 0 ~5 4ttafS*+*Jl>ffl©e~Ar*IJ}i|6j 
ftLtfe, ftSeKtc £ - 3 r ilff L T I > S SJffi^ tt'^Jb 6 & 

li„ 20 
[0 0 4 5] ffiJfc^Tli-fe i> *#P&c4SfcK#i-?>oT < 

Si, £ fr&tcstt siw® + * jb^iift 5 nr 1 1 fe 

[OO4fi]04ti, H2<Dj:5&*HW^4r*->*nIffi 
• ' •! -:• f;'t. iV...iiii. i,i:Hi;„W j 1KiA-f>'i-' i -V ; . 

-">^iM1-Sci»ffiast)Tfflitr*s 0 Hi o&ct'- 

ojgisjs t ■ - a iai-(Dtf f B £IB*f o fcts^©^ 

[0 0 4 7] TU^T>f-^ttWIlW^A^3^^fc 

fe, 7K¥ffirfttjgfatt£f#£ c i BHSttt ©r & s „ 

&J§fttt fcf - A K IH— ff -Si- £ffi*J 3 if £ , & if - A ifi 

l, }&ifiiS(c y ? ^juj&s^d-So c©fc 
nt, y ^ ^©©©^^©^ft^SMffiiftS^e* 40 
5kavoj hm^m^©isit^tffe^ttn«fe6^ 

l^o ?-«fc«i^ -c jMfrr 5ci j&s-^ £ ft 4 . 
[ 0 0 4 8 ] C r\ 04 ©ft JS© J: 0 tcMfP? * 
£IB*K #> S I » fcJM -T S 7>rttt7U^7>fti 
«MtcftE^^tifeT>7-^- 1 1 *M«P^ +*JHaWfflKB? 

v) nit i> o wffliiffRj^sm^s ttmmzm 
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©— ^mmoimm&mm -stitcc. ^fAit>r 

»7H'7>rf(Cj;5j;t) fe/JvSACC «fc «3 ©JWffK© 

> Ftf--'<--©IW«fclS8ffrSS„ 
[0 0 4 9] C DMA^X^AKfcl>TW8&&H*6SB*a! 
tcot^-ciJiWTS. *H»JSStc*jL>TB^ 1 ©UStefiS 

©Kisw ^Mfflift ^*fis>j-r sfttfg^ttT > 7-1- z^m 
tf$g©i*fffcfc^r, ttfM^»^— c*4*s. SStJcW 

7b-f7>rtKt3WSf*iift<^f), @1 Or 
[0 0 5 0 ] tot7H p 7>rtfcfc^t, WL«2 

as© ?• ^ta^j^oSHifflj^^ffl^ l . Btffi-r s e 
-Afcfci^, SEStcM^S^- ^ ^fiffirtffg^Sff i- 

*r a 4 m £ £ fi t-B^r am l, rcft^t » a i » tc»3 tf-r s 

«Ci CfS]6^£ < WfB©gff *ir t S„ RAKE 

ttr > x ^- i ra^©tt *6*s^gr § 5 . an* a: *w s * 
? ^fiffl©fiffli6«W * » 7-r+^r * § „ 

[0 0 5 1 ] $!6HJ£CDMA^it&aff^fcjfifflLfc 

[0 0 5 2 ] timmit LfcJ: 5 fcft&KljlfiS 

0 6©J:^(cH^©r>7 : -^}gfoitt (2 2, 2 
3, 2 4) JjnA#SS©»J]n*igor*fc. wtc 

a - K««^«Sa*^rS; (CDMA) ^JSl*i6[©SWffl 

ft»-Kri sj-wai »V: i £ y . fBi-fei/^ |HJ©t> 7- -J-Mfrcc «t 
■5j&Nit©s*{*^i;&^n 

[0 0 5 3 ] C©«fc5&B^'tz5'f rti^ r>7-i-©fg 
ffii'tt(*r^M©« ffiifir r SAf iJff^r fe ^ , fio 
^Sftft tSM^rWM^K^iJff^T^ Jil^fc, H 8 

tc Kifjg tc A S ft T > 3&s^r *4„ S ft -fe ^ * 
^±iJDT^iSC^©T>r-^^fe^L£^J;^K+^ 

mL?t±x:^m<D±mTi/Ti-&m&-r%&mti>3Lc. 

7>rtflaxF©», Sg«3f©f Pfi^if x. £ 

[0 0 5 4] C DMAT1J, !&gg/MSg©Sf3«;*jr}! 

*t 6 i2 ^ i7 / > f-^- |j, ^ AW#^j I &J i -fe ^ f « Ht 
imtm d B ©f D , 01 *Mm 6 ©S>R 2 5 © 
J; 0 K-fe ^ a?©^«tci^S*ti, -te ^ a?©^^^PK 

tf£ 6%^„ -^©fc&ffi*2 5 1fiffiB*teltoZ>b iz ^ 
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■5 * 5 fc to , H 6 (D * - si \=j -j V -hVfe E ft t » -fe 9 
£WJ£^TU£fcto^Lftt^, P^TS-feJUK^ 10 

©^ffiri*. tomti&A^ < ft£©T^M#tt^{fc 

[ 0 0 5 5 ] £ glJ©«£:*8cffiK:r W/>T^ 

tc j: s sn& -fe * ^ M©aiira *s ffiig s i * a . c n « 
*f#e<jiu*-fe^£©i*£+^ii^u -spjgisjtt*^-- 
^7 y ?°3 mm 9 ©=fc 5 ftfgffiitt* fco^-fe ^ 

[ 0 0 5 6 ] CCT, fWfflffl*©J: 5 fC&fttt©iSl»tt 
«0(B*f^5S**AS. f&fcoRffirSMBL.fcJ^tc, 20 

c © j: 5 &}ifai£fcf - a*® 5 -en-en© t: — a 
*fr* etas-canted, m-mmzm&tt. t-^iaias 

^Pi^gC L, mtfH 1 0 ©J: 5 icy 9 ^"Jl/ife-afc 

JBfatt^ f >rffl*f 3 nr u s o , >; ? ^Mftt 
tSJ:5 &»i^^MH? + * ;UK«rj ^rft ntf 
ft6ft< fe4„ 

[ 0 0 5 7 ] flb^, HS-fe^ * ©J; 5 tc-St^-AfiKW 

S 5 Cittffl[j*©jllt)T£b.5„ OS o#tr-Atcm— ft 30 
^jl^ft^J:^^, M-Jffi-fe;U^©F|j[It|l^-i'^jU© z P 

A L ft I > J: 5 &t -T ^ JL^fr&m V $> z> „ 
[ 0 0 5 8 ] El 5 K7ts^©^-©^te«i«©tiBS^7n 

-rnr'&^„ ccr, y>r-^ 1 7«MiM;s3n. r 

[ 0 0 5 9 ] hr-A£ldS^K 1 ?B, Mi«f ^5<A 
• K-A •7t-;>^{DBF)© t t5 ft^ffifc J: 0 

fiffaitt t-Ai -e© m^jsoa — % — tea* jstt w sns. 

[ 0 0 6 0 ] £~Ai^m^K2 tt-&BtSS*tiS^S 
it -A ©#ffStt £tf o 40 
[ 0 0 6 1 ] Mff? t- *;bjli-SHf ^© 3 ttilf£fi-s§©j@l 

£f«-T 4. ~A©«waifff=-Sf ©${f U-<JU^6 
[ 0 0 6 2 ] P^Mffffi^Sff ^154 tt&ftKmogl^ 
TStl^K P¥&fftS&«2tfift tcjfef L Sift T S 
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[0063] sffl^fgMf fRi^© 5 mm* + * JU 
©?IStl't?R^\ Sifi^© I DS^f, eattfR^®^^ 

6©»ltii^ftt^7 * » h 0 J: 5 K 7 * - v 

[0 0 6 4] ^-^>^ft«feJ^f£6 BSS^fCSff-L* 

[0 0 6 5 ]^B, hff^^S7 K*»±li!^©^- 

[ 0 0 6 6 ] *f6BJ©^-©^ftg|1«iC43^Ttt. 

mmcmi§-?z><D-eifti< . — SB©tf-Afc©*^ 

Aic^I^^^iHD-^, cti^^iiD-cilcj:*;. 
SSiJM#$R^m3ns^^«, ®i l©J;^tc*fc^ 

^-SB#rar'StB!aojfflo fc-ja-rsfcra© J: ^ ft$i» 

*a4Cft4 0 

[0 0 6 7 ] Ctl^S^ffJJ^6MSi. N 1 1 V&tE'* 
A n ^ h ft r u Si»5K 1 0 ti-5£i^lffl«. ftO 

an* + *ju*tsm 3nft < ft 0 , ^-©-^BfWMtcsjs 
«*ntiMB#Sfi 3n6„ co±5D^n 5 hf 

*-r<5C£tcft& 0 ^©fcto, SST*-3fcB>0t- 

[ 0 0 6 8 ] $fc. *^(cfc^r«. /^a? hff^ 
BIBI^mStiSJW, f©^«Mfoot^<„ 0 

■ft StiSffi^t*^:* < Tb><0 . flk-tiJi/©T*S^^HiJ« 
T'^-S„ TH , T>T-7-tc:j:aattJ^^^T-A-t i B 1 M 
ft ^ + ^ )i itiimfifa {c L *>S?S £i£ff L ft ^ fc to f c T 

tt. aiffiMi*<fS7J©rt. A^ft*t|^*4rtoS/^i3 
hm^fe^P*4#tt^«3nSfcto, JUA#^S?:Mtc 

[0 0 6 9] C©J: ^ ft*[JMf^^WWSCfM|-t3-&S 
C itc «£ 0 f-Ar E 9© z F**|f5ih3#.53|:^Jt«g^C 
D M A^^^r 4 1 ' L fc„ L *> L ft ^ 6 f - A RSJ© 
^tt^mSM^iClH^ft < , T D MAM t ffiB>WU 
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mmmrn u x r- a k ts ^x t . *^hj§ tiiiffl^& & © 

[ 0 0 7 0 ] SHJ«»M#£ra$3£M-rs *-/ 3 >ytc^t» 

fgaititftL pyg^fta, ^ - 1> > ^ it w, fc$[jfxfit 
$ aw * ft e ft # m-mmx mi <? -e a tg^-r l & 

[ 0 0 7 1 ] CDMA^Oi'JXxAicfc^rti, 

©S*ffi®«:TtfS C i*sr* 5. Wittt?- » ^U- h 
iHMcp s rS^ffl'J&C 0 . 1 %©M?fit£Tft&rF < &T 
Sv-X-rAKiil^T, 1 p pm©->>-b-tf--Ylf-C*ft 

[ 0 0 7 2 ] CftKJff LT . tff#M:W:Bfi^©*lIffiI 

[0073] mmmmmz, is*©m*KAisK\ 

[0 0 7 4] co±9 K**i*ti©W«K J: -arflWHo 
ffi-CEIfi-f ftfiit^ 

[ 0 0 7 5 ] 013?, SfiHSlJ— 3£H#R8A t n tcfc 0 
#© b"-- A (Cftf £„ fH L^tlfjKD'diflOf 
KlSSKK. At 1, At2, At 3, A t 4 iSfiffBil 
mz-o^ TM3iJK5£«> 6ft /cgftMt' * £ „ £ ©i# 
£\ ^ft^ftOff^W^SB^^DS^, CDMA 

[0076] rvA7^ ; r-ri:nmmmm,^m%-r~i>n 40 

£\ &M#S©H#r^cfci>T# ^7 ©fMWtffi*^ft-?ft 
— ^©t^A^6l@il3ft£C£K|5g<E>ftT, tSOt 

ff-sf-W-fe ^^©JfcKte** L T *>+^§ff T £ S J: 5 &c 
*^E#&3ft£ctffttf&6&C>. Lj&jL. W*.«EI9 
OJ: 5 K b'~ aj&s*& R|—fiNB&»eS 
ili>0t'-AW#u tr-A©^^xci; 
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Mflt 3 ft & J: 5 K^V d v h ©#*fB» L ft Wft ti& 6 

[0 0 7 7 ] dft*ffiWSatc», tSt£©b'-A^6IU 
tSlfflft-^^llftfT St&^-C* -jTt. KITS b- A 
©J; 0 (t b~Afg5;tG^p*iD Stgffltc* ST >t-^ 
3fi^ 6 » EMf-^fc i£fl Lftl^aSLl*. C ft K 
«fc»3 y^^u©^S*tA#<5ic#3ft-S. Witt*. SA 
T? , ^ b ' - A & © *WT© b ■ - A ^6 © <^ |h] D ; W 
a * h £i£ff -r 5 c i T. a ^ h m-^©©«^f«« 
*cp®T * 0 . iwvo^ M^IBI* 5 ft & c > RSI 

[ 0 0 7 8] JK, C DMA^^fAKbl^iS&S 

[ 0 0 7 9 ] C DMA->XfATB, ffi&^OlUtt© 
ffi^^E3*S§©|e f3 < fif^. KfcmBg L 

-rS^-Yta > he-^©«lS«:±lf€,£:iBffl)S©lSF±{C 

t » «c I 6 RIJB* »» L » *i tf 6 & t » . 

[ 0 0 8 0 ] ^C-C. CI)MAyXrAK*5l>r(j, fii; 
»RF#ttjaiM©Sl4SSaR«F# (long code) iJlW© 
Sl»^£»RF# (short code) ^2SlC»»SftTl^ 
C t ZWm It , ;-J /a-;h ft #4 2 ^©^53-ic^W 

^va-y itf-^^iiftL, HlK^[fiiK*fL-rflSrl2(c^ft: 

U'-UU, JSlW©SOSJjA^ff-^«vx^L, Sfj£ 

^scx^r©*lD»5*i»3 3gstc^©*^ 
arcs*. fils©t-A-t?tt«K;iS(W#tc«tsit:» 

[ o o 8 i ] ei i 4 -ciz&mstffmz^x ?stitc;u 
ak— ^t— r-fe^TnLru?,^ 7^?snfc;w 

ftiS+53-r*S 0 ffRBEll 5©J;^C7X?3hfcA 

iu«©^^f# 6 ft s . 

[0 0 8 2 311 B, 17 ^fflHT/WD v hiW^(DrS 

^ 0 1 7 [jayu y hm-^©is^w^-^-c* 
[0 0 8 3 ] izmct^xmm^mT^iat, >u a 

y H#fttS»^):<0^-/ia? hm#Sft*-C©^rM*s 



6lt/Wn 5 Mi-Sf£SW5lfflHi*s— 5&T?£C*«^(C 
[0 0 8 4] £ C6-C±iB«?^S5C*s»,*rBJe;SFRF^ 

svx^L-fcfi^iwifc* 5 , -7x^§nr^rfe|H] 10 

SiOtWfi i fiffl-T £ C i fct"5J*lT * i, <D-C\ # 

/vx^%LCD^ij«EUK-SEr B iFi-cv^ p s- Ht^ 

[0 0 8 51 H1 8«^SO-fe;l/*>6&i->^f*Alt«S 

h-c&s, 35-38 umtWM^k^ y- $ £fttcmt£ 

[ 0 0 8 6 ] gEK, /Wn s> h#-^*2«ffl, fftfo 20 
^tm#£v**Ofc*>©<!:V**t,fcl,>fc©{C 
5Kt , 1 £ &#a£]S©ft± 3 if & #i£tc our *iW 

[ 0 0 8 7 ] ^mc&mt$mn-&~?*i> stittsu p 

y h^#*ffi1±fctf-A*iHl 8©cfc5fClSI&©-b:;l<r 30 
^•-Y p ■> hM##l^l$rc&l^©ffi^{cSm3ft£C £ 

©S*M W JSH tc £ S & life© i* 1 1 ttilli m ©<f 

M 0 , SM 0 fc^ifijOilt^iHjfc v * ^ snfc^ -fn> h 

ft##K s «fc 5 tc«j£-rs gffw^a©^-rn-cfcpf^ 
r- #>•*>,, sfc, -e ©fte ©Office j; g>, vx^snfc 40 
j-ij p ^ hfi^SW«©iSi*^|5jBf ic^ff Sft£t>© 

[ 0 0 8 8 ] ^tc, PSwe.o^WP5 Hf-^tcJ: 

-5 mmzmm? z fc ©sese^s koi^uws. h 
1 s -e-fejb6 4<Dmmci^m^ 1 o^sftT-sft^i- 
t*. ffe-fe 2 commmfimmt s ^ -y p ? i- m^©k 

«P£A*< ffi^TS^|lI««t;l,6 2©^ 



#HfW 1 0 - 1 7 3 5 8 5 
is 

[0 08 9]S*10«2 fe MIS 

fcisl^rtt. ^©^(cgfeA^&^i^D -5Sise-fe 
;U©/^ p * h ff^fC^T, e^ilfiffiff tp ©Sift 

m©^u,f mn t <ommm &tett l r *s < „ c © 

©fS^mtCfBtf Ltfc < „ CDMAT1iWfifeA# 

st>. ffe-b ;U#> h ft -^^iiJ*-T £ £ -Y 5 > ^ 

[0090] ctucto. a-y p Hf^r^rBJ* 
r a c £ <fc a mt> mm<D % y * § rs , m fe Mis n a n 
sw*s < & 4 * -y s > ^-caft as* ai i, * n t c a 

[ 0 0 9 1 ] S 5tc, R|g-l2;U^6©^--YP » 
^ D Hi 9«*^Jt?JilicfcW^, BJwUa? h 

m-^-so'T 0 ^^©ais^ i» * ;uft#©s^**j ^^-r 

[0092] iasi-fc^Mc, jg^tiftfe^^*^ 

42JU©^<-Y P v Hf ##f£!j*TS f -Y 3 > ^ ^fJSLr 
^DoTUSo l/cASot, *©*-Y5^f*3HW^EJS 

jfi*a«<fc o^^m^r'i5j-©aM n u n M©afs^t T 5 c 

[0 0 9 3 ]fCr, S^KJMfiJiff tp©Slfll»KSt 

^e©^^ s >yic*5urttft-^©3tfi*ff^&^„ cti 
tcj:0 I T 1 **s^:*< ^^^^©Sff^P^^, *^©« 
;bicJ:0ffi{t&fT5C£^TiJt££&S o c ti K J: 0 T 
[n]«©^fi-Srli^-!3- C £1fiV£ So 
[0 0 94] ^19 Kfel^r, 3 9 t±JIfi3£fs ^©Sift 
^©7^ u y HE-^©SMS^r *S 0 —77 4 0 tiftfe 

=Fm^Bimmmmm<Dsu p ^ hff-^©«ftm^r 
mmtmmoimtmic 3 9 i 4 0 ©e=rasA* 
i-rs. iB*KS^t^r3£fftp©SJ8iaBjift^ 

+ * Jb©Sff tfi»f t h . C n tc «£ 53 fE31iIffit± 31 
< 35:^*5. +#©15W^iJilir§, MMSM^Jnr* 

[0 0 9 5] fetJi. v hff ^^^Kl^ Lfc 0 

KKai-<fcJ; 0 tcffl^[j©@KaKr@$i§ti- 
T «t c ^ , Ch6 ©tt$Rtt^M$ia^pf , 
t»Ci*#A4i|HI— laiBRriaKS-e-CfcJ:^. c© 
£ # n n^S^K Sfe 4 1: ■ - A TfffiW $ i± S C i f c 
J: 0 , R- Ai^tclgj^ 3 ft S » ^ + * JKDmzm 
StCim. ^©^^©^^riUSTSC £j&s 

[0096] *isik©ii3 ©n«««*»iNntcsiiisr 



(11) 



19 



£T £IiAft8£©iffii*ic *f L r , jSm MKT SCi^t 

ACC^£T&ft?^M±lU fa^©«^P^±r*. C 
fttc «fc *J , +• * JI/«^K «£ 4Pf Jg^PMt?* SSfr 

***5. afc, ^fffffiffi^^L^t^s^^ti, a io 

MK#flg£5;*ft&i>fcS>, »ii!!M*e»»Wjm*T\ * 
©=F»W B Mfc ifiM 2 ft -2. £ o -5 -a fc 0 

[0097] -73. wawacotfirfe. a v mi-^ 

^©T'J S£©^©tf «US«MlMM©^®ic «t fj . 
H9##s-5cW fc«H §nti^. «£ o r Utriztsco «fc 5 ftftfU 
ffii^^l^cDfij^tt^fcLft^ ttc^Wa^ Hf# 

t*iii^M-c*n«ipiai!*t?©B$w®fiiAsia6ns. 

[ 0 0 9 8 ] T^JMl^^ TMT>ftittSl|fci 

J§frtt©T>^£>6$BWT&&©r<fc3„ C©HSS^ 20 

sterns*, Hf-§-«M^tt©r 

$s£i±6„ Lfc^oT, »2©§l^#ilaI«ic:$tJia]^ 
+ * ;u©«3S?fi£ffi3£ tfjqifW Sti5. * fc^ - j? > y« 

«ti**WtC|HI^Sfi!&inTtfett*l|ffllW*T* 0 . S*© 

* nmx * 4 £ 1 » 0 & w t s . 

[ 0 0 9 9 ] 30 

[f£HJ©$iS] 4^WK:J:ftfcf, |3I— f2;HAj©yv^^ 
> F L & < ft *3 . @^© 2 *{fc(Cf£ 

ffl«M#sft < ft 0 , SDA^SS-&ii^T Ci^rtS. 

[OlOOl^iiCifiii, 7b^7>ftML 

&C*S£T £ C £ ft < Sff T £ C £ # pJflB £ £ •) . fcf- A 

ft 0 , *tifis©siM«^K c&to f ^)v<om^ 

c £ AST 1 # S . 4 tdmm T 3 -fe jUfflr©/-* -Y a 
? h ft ^©^^S/MSSKPUA 4Ci«t, »PA#S 40 

[HI ] TU-YT>T-+*SfflTSjte^3Iffaiftil©^ 

[12] 6 & 5if^tt©Sffl-7 tMi7b 

-Y T «£ 0 HJB 3 ft -5 **g|&Jtt tr- A©ilg 

[03] se3KR*B<p6ttsiwsp^i'*Jk mm**** 
[04] ^mm *> 6 i& s 1 njfeM©*«ff sitkisj©# 50 
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RS*^TE|-C*5o 

[0 5 ] ^iBBS^e&a 1 ^few©fli^affan!iiw©^ 

[0 6] 6 ft £ 3 -fe * *S©«iaff StftM 

[07] e ft s -12 2 * moDmmmmmmmm 

[0 8] -fe * 2 r >^©mHWf&fatt#tt£^T0-c 

[0 9 ] ■fe*»*ffl#tf-/i^9:/T£«fc5KJBiSittbr- 

[0 I 0 ] &t'-A*^£fLfg|^14tC y ^ ^Jb^^Dfc 
M*/TsTHI-CS>6 0 

[011] ^w*>e.fts i^MMT'#swit#**^ 

fcfcT-A36i*fl!!Ja**^tc*T^©J:^teiaisT2.«4Bi 
[012] ^Hj^6ftS i^twra^©-fe^?5«ffi 

[013] ^H^cDi^^iJ^e-ft^^JfO^i^oP©^ 
[014] ^H|^e>ft-Sl5IJteM©fl^ttb'-A£^ 
[015] MR©^-f a sr hM^^KHf KWjfTSttt^ 

iCV.X^ §ft/cShort COdeO^e-A^^ftliW*^ 
T0-C*-S)o 

[016] ^a, hft-^©W^B#W^-5g-cftt^^ 
©Sm^M^^TH t? * 5 . 

[017] a hmn<DfflWm&— Sr^siS^- 
©Sff tw»*^rni r * s . 

[018] BKStS'feJUB^^B ■> Fff^s^IWTS 

c£*ai"0-e*-s, o 

[019] W^c©im^{cfc^rsff Sft*»St©^V 
13 v V ft ^ £ ^;lfe0^ i^^cSl HS6^ tc j; a Ml S ? 1- * 
^©RS^fff * IftitSI-CftS. 

1 ...t-Assm 2 

3 . . .mm + ^^iisft ^s, 4 . . .pfjg^ft«i*sff 

^Bt. 5 . . .Sitil^^Dftf^^S, 6 . . f 

fffa^BS-^s. 7...^VQ»h ft ^fia^g. 8 . . .a 
i . . .«gNttT>^±, 12.. juiafffa3i^f ^a, 

13-15.. .JglSlttt- A, 16.. .fffR^^S, 1 
7...T>^T. 18...ff|«m 19...-f2;k 

2 0..MMm, 2 2— 2 4...-feJk 2 5 — 2 6...S 

2 7.. .ff-^J^SL 28.. .aft 5T- 1. 

^a, 29.. .p?^tt#B^sff ^s. 30.. Mmmn 
mm^fc^m . 3i...^-y> . 3 
2 . . u v ymntm^m. 33...** f 

S> 3 4.. .SHlMfW^K. 3 5-3 8...;WP»h 
ft-Sft'-A, 3 9.. .SI*©IftH©"Vn v hff 
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[57] ABSTRACT 

In a cellular radio communication system including a plu- 
rality of base stations and a plurality of terminals in which 
one cell is divided into a plurality of sectors, each of the base 
stations transmits and receives control informal ion by an 
omnidirectional beam and transmits and receives traffic 
information by a directional beam. Alternatively, each of the 
base stations transmits and receives control information by 
a directional beam with a time difference of the same control 
information in a plurality of sectors within one cell and 
transmits and receives traffic information by a directional 

3 Claims, 12 Drawing Sheets 
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RADIO COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates a cellular radio communi- 
cation system such as a portable telephone and a mobile 
telephone, and particularly to a transmission method of 
control channel information. More particularly, this inven- 
tion relates to a radio communication system using a code 
division multiple access (CDMA) system. 

2. Description of the Related Art 

In the cellular radio communication system, there have 
hitherto been proposed methods of increasing a subscriber's 
capacity. A fixed sector system is known as one of such 
proposed methods. FIG. 1 schematically shows a method of 
transmitting radio waves in a radio communication system 
of a fixed sector system. 

According to the fixed sector system, a cell is divided into 
several sectors by a plurality of antennas each having a 
directional antenna pattern, thereby decreasing an interfer- 
ence to other sector, thus to increase a subscriber's capacity. 
FIG. 1 shows an example of the manner in which three 
sectors comprise one sector, i.e. antennas 17a, 17£>, 17c each 
having a fixed directional antenna pattern divide a cell 19 to 
provide sectors 22, 23, 24. 

There will be described the manner in which a cell is 
divided into sectors in a code division multiple access 
(CDMA) system that recently receives a remarkable atten- 
tion as a radio communication multiple access system. When 
the cell of the CDMA system is divided into sectors, a pilot 
signal, which is assigned a different phase of spreading code 
for every sector, is transmitted. Thus, a terminal is able to 
recognize sectors as different base stations. 

In the United States of America, there is known the 
TIA/EIA/IS-95-A as the standards of the cellular radio 
communication system of the DS/CDMA (Direct Sequence/ 
Code Division Multiple Access) system. On the other hand, 
in Japan, the cellular radio system of the CDMA system has 
been considered by the Association of Radio Industries and 
Businesses (ARIB). 

However, when a cell is divided into sectors, there is then 
presented the following problems: 

The terminal searches other connection channel even 
during a communication by a so-called cell-search which is 
a procedure for establishing a synchronization between the . 
terminal and the base station and searching the nearest cell. 
If the terminal discovers a nominated connection channel 
which satisfies a predetermined threshold value, then the 
terminal issues a traffic channel switching request (handofif 
request) for a different sector or a different cell to the base 
station. When the cell is divided into the sectors, it is 
unavoidable that an amount of handoff to be processed 
between the sectors or the cells increases. 

In order to support a softer handoff which is a seamless 
handoff between the sectors, upon switching, one terminal 
has to be connected to two sectors, i.e. two base stations 
simultaneously. However, when two sectors are connected 
to one terminal at the same time, the terminal transmits and 
receives control information between the antennas of the 
two sectors, thereby unavoidably increasing power radiation 
on the whole. Moreover, upon handoff, auxiliary channels 
have to be prepared in order to prevent a communication 
between the sector and the terminal from being discon- 
nected. Thus, when the number of sectors increases, even if 
the number of sectors is increased, a subscriber's capacity 
does not increase in proportion to the increase of the number 
of the sectors. 



As a system in which the above-mentioned fixed sector 
system is further developed and in which there are provided 
a number of sectors in which a directivity of an antenna is 
partly overlapped, there has been proposed an adaptive array 
antenna in which an antenna pattern can be controlled freely 
and in which an interference from other station can be 
minimized. This adaptive array antenna was disclosed at the 
1995 Society Meeting SB-1-3 of the Institute of Electronics, 
Information and Communication Engineers. The array 
) antenna is able to decrease an interference by changing a 
directional beam relative to radio communication terminals 
located in a variety of directions. Also in the array antenna, 
a digital beam forming (DBF) which is a beam space 
expansion is the most effective method because it is easy to 

> control and the digital beam forming is developed owing to 
the innovation of a digital circuit technology. 

In the fixed sector system, there exists a region in which 
an antenna gain is lowered at the boundary area between the 
sectors. FIG. 2 illustrates such a situation. As shown in FIG. 
' 2, a base station 20 transmits a control signal by a directional 
antenna (see sectors 55, 56, 57). When the terminals are 
located at the boundary area between the sectors, the low- 
ered antenna gain has to be compensated by power control. 
A control signal, which is generally represented by a pilot 

> signal, needs a large transmit power because it has to be 
transmitted up to the boundary area of the cell. Unavoidably, 
this transmit power has to be increased much more. 

On the other hand, it is difficult for the system using the 
array antenna to simultaneously transmit common informa- 

' tion such as control channel informal ion to terminals within 
a cell (sector). The reason for this is as follows. Since there 
exist a number of antenna elements, conversely, it is difficult 
to transmit radio waves by an omnidirectional antenna. 
Therefore, a method of effectively transmitting common 

' information such as control channel information raises a 
serious problem. 

furthermore, since the pilot signal, which is required by 
the CDMA system, occupies a large ratio in down-link 
transmit power, if this mean power is reduced, then it is 
possible to increase a subscriber's capacity considerably 

SUMMARY OF THE INVENTION 

An object of the present invention is to execute a pro- 
. cessing required when a terminal moves between sectors by 
a smaller overhead. 

Another object of the present invention is to more effi- 
ciently transmit a control signal such as a pilot signal. 

These objects can be attained by the following system. 
) According to the present invention, there is provided a 
radio communication system which comprises a plurality of 
base stations and a plurality of mobile terminals. The base 
station includes an antenna group composed of a plurality of 
antennas, a beam generating unit for generating arbitrary 

> directional beams by applying a phase rotation to terminals 
of the antenna group, a traffic channel transmitting and 
receiving unit connected to a network for modulating and 
demodulating communication information, a beam selecting 
unit for combining a signal generated by the traffic channel 

) transmitting and receiving unit and a transmitted direction 
and a base station control unit for controlling the traffic 
ehannef transmitting and receiving unit and the beam select- 
ing unit. The beam select ing unit receives a signal transmit- 
ted from a certain radio communication terminal by a 

> plurality of beams, selects a beam having the strongest 
received power or a beam having an excellent communica- 
tion quality from the received beams or improves a signal 
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quality by combining a plurality of beams and receives such FIG. 11 is a diagram showing the received power pre- 

signal having an excellent signal quality. Upon transmission, sented when an intermittent time of a pilot signal is not 

the beam selecting unil selects a beam having the strongest constant; 

received power in reception or a beam having an excellent FIG. 12 is a diagram showing the received power prc- 

communication quality and then transmits radio waves. 5 sented when an intermittent time of a pilot signal is constant; 

Herein, the directional beam is arranged so as to overlap FIG. 13 is a diagram showing the manner in which 

the adjacent beams, and control information such as a pilot transmission angles of pilot signals are synchronized with 

signal, broadcast information, call connection information each other between the adjacent cells; and 

or paging information is transmitted from or received from FIG. 14 is a diagram used to explain the manner in which 

the base station by omnidirectional beams. ™ a plurality of pilot si g nals received at a terminal in a 

Alternatively, the base station transmits or receives call boundary area and traffic channel information arc transmit- 

connection information, broadcast information, paging i ed intermittently, 
information and a pilot signal used in synchronization by 

different directional beams or the same directional antenna, DESCRIPTION OF THE PREFERRED 

and further transmits and receives the same information by 15 EMBODIMEN IS 

the adjacent directional beam after a constant time elapsed, L Flrst Embodiment 

whereby an information beam is switched in such a manner A first embodiment in which the present invention is 

that the same information may rotate in a clockwise or applied to a CDMA mobile communication system, in 

counter-clockwise direction when the base station equip- particular, the TIA/EIA/IS-95-A which is the standard of the 

ment is seen from above. 20 cellular radio communication system in the United States of 

According to the present invention a softer handoff America will be described hereinafter, 

within the same cell does not occur so that a channel need (h FIG 3 * a directivity diagram of an antenna according to 

not be doubled, thereby making it possible to increase a ' h ^P res f enI mention. In this embodiment a control channel 

, ., , . or differs Irom a traffic channel in antenna directivity pattern 

subscriber s capacity. . ^ . . , . T _ - . 3 v 

:> lor iransmission and rcccplion. In IK.. 3. rclcrcncc numcr- 

Further, according to the present invention, in a radio ^ 50 tQ 54 denQte traffic channe , beams wMch ar£ tmns _ 

communication system using an array antenna, a directivity m i llcil w [ ih a directivity to follow terminals. Reference 

ripple ot a control channel need not be compensated, and numcra , 5 „ dcnQtcs aQ omnidirccllonal conlrol channcl 

hence a ratio at which a control channel occupies a transmit |)La||| Thcrc| „ rc . acculllillg „, , llls embodiment, unlike the 

power of a base station can be reduced. Furthermore, an convcnUonal flxcd sc ,,«, r svsl , nl . lhc C()ntml channc , , s 

interference of a pilot signal between the adjacent cells can transrmtt ,j bv the omnidirectional beam so that a terminal 

be suppressed to the minimum, and hence a subscriber s 1Q seems tQ communicate with one base station 20 . 

capacity can be increased. Accordingly, even when a terminal moves in the circumfer- 

BRIEF DESCRIPTION OF THE DRAWINGS ence direction about a base station, a base station with which 
35 a terminal is communicated is not changed. If there is 

FIG. 1 is a schematic diagram used to explain a three- provided one base station, then control information which is 

sector type radio communication base station according to generated when handing-off is not transmitted and received 

the prior art; between the base stations. On the other hand, although the 

FIG. 2 is a schematic diagram showing an example in base station receives a traffic channel from a terminal by a 

which control channcl information and traffic channcl infor- 40 plurality of directivity antennas for traffic channel, the base 

mation are transmitted by the same directional antenna station is able to understand by examining an electric field 

according to the prior art; strength of the traffic channel the position at which the 

FIG. 3 is a directivity diagram of an antenna showing an terminal is located and the direction in which the terminal is 

example of a multi-directivity beam traffic channel realized moved. Therefore, the base station may continue the traffic 

by omnidirectional control channel and array antenna 45 channel by transmitting the traffic channel to the decided 

according to the present invention; direction even though the terminal moves among the sectors. 

FIG. 4 is a block diagram showing a base station of a radio FIG. 4 is a block diagram showing an example of a radio 

communication system according to the present invention; communication base station which enables the tr : 



a partly-perspective block diagram 



pattern shown in FIG. 3 to be realized. 



the present it 

FIG. 6 is a diagram used to explain the manner in which 
a beam having each control information is rotated around a 
base station like a lighthouse according to the present 

1 diagram showing the manner in which a 



base station of a radio communication system according to 50 ^ shown in F1G - 4 < this base station includes an arra y 

antenna 17 for traffic channel and an omnidirectional 
antenna 11 for control channel. A traffic channel ti 
and receiver 3 connects with a network 9 L 
information to the network 9 or to receive information from 
the network 9. Abase station controller 8 is connected to the 
traffic channel transmitter and receiver 3, a beam switcher 2 
and a beam generator 1. The base station controller 8 divides 
plurality of cells are adjoining to each other; information received from the network 9 through the traffic 

FIG. 8 is a conceptual diagram showing the transmission channel transmitter and receiver 3 to provide control channel 
state of control channcl information; 60 information and traffic channel information and transmits 

FIGS. 9A and 9B are respectively diagrams used to the control channel information to a control information 
explain a directional beam and information transmitted by transmitter and receiver 12 and transmits the traffic channel 
such directional beam; information to the beam switcher 2. The control channel 

FIGS. 10A and 10B are respectively diagrams showing an information is spread and modulated by the control infor- 
example in which there are less beams masked than those of 65 mation transmitter and receiver 12 and then transmitted via 
not masked when a plurality of pilot signals are transmitted the omnidirectonal antenna 11. A traffic channel is assigned 
simultaneously; to the traffic channel information by the beam switcher 2, 



and further the direction of a directional beam is selected. 
The directivity beam and the traffic channel are connected 
under control of the base station controller 8. Further, the 
traffic channel information is spread, modulated and multi- 
plied with other traffic channel information by the beam 5 
generator 1 and then transmitted via the array antenna 17. 
Up-link/down-link channels and their antenna direction are 
controlled by base station controller 8 and further transmit- 
ted through the traffic channel transmitter and receiver 3 to 
the network 9. lu 

Although terminals are located in various directions 
within the cell, the base station controller 8 searches a beam 
having a largest electric field strength of traffic channel 
transmitted by a terminal during communication and com- 
mands the beam switcher 8 so as to select the searched beam 
or so as to combine signals received by a plurality of 15 
arbitrary beams, thereby realizing an up-link traffic channel 
in which an interference of other station is suppressed. 

Upon transmission, if a down-link traffic channel is real- 
ized by selecting a directivity beam received at the largest 
electric field strength upon reception, then it is possible to 20 
carry out a communication in which a power can be pre- 
vented from being transmitted to a useless direction. 
II. Second Embodiment 

A second embodiment in which the present invention is 
applied to a CDMA mobile communication system, in 25 
particular, the TIA/EIA/IS-95-A will be described below. 

In this embodiment, both of traffic channel information 
and control channel information are transmitted by direc- 
tivity beams. Control channel information, however, is 
transmitted with a phase difference (time difference) gener- 
ated at every sector, whereby an interference in an array 
antenna can be avoided and a ripple of a directivity pattern 
can be avoided. 

FIG. 5 is a partly-perspective block diagram showing a 
radio communication system according to the second 
embodiment of the present invention. In FIG. 5, elements 35 
and parts identical to those of FIG. 4 are marked with the 
same references. 

As shown in FIG. 5, there are provided a plurality of 
antennas 17 comprising an array antenna. 

In the I jo a m generator 1, a directional beam and its output 40 
are associated in a one-to-one relation by a suitable method 
such as a digital beam forming (DBF) method. 

The beam switcher 2 associates information signals gen- 
erated by various information generating apparatus 4 to 7 
with a beam. 45 

The traffic channel transmitter and receiver 3 transmits or 
receives a communication signal thereby to make an inter- 
face with the network 9. This channel signal corresponds to 
each terminal, and controls a directivity beam in such a 
manner that the directional beam may follow the mobile 50 
terminal. The control of the beam is carried out by the base 
station controller 8 based on the reception level of the 
communication signal. 

A call connection information transmitter and receiver 4 
is a block which generates and manages connection man- 55 
agement information of a radio zone. While a terminal 
makes an outgoing call, the terminal transmits a call con- 
nection request to the base station, a terminator on the base 
station side of present information is the call connection 
information transmitter and receiver 4. The call connection 60 

mitter and receiver 4 judges a radio channel situation of the 
base station, wire channel information for the network 9 and 
the state of the base station. The call connection information 
transmitter/receiver transmits channel assign message if 65 
channel assign is possible in response to the stale of base 



A broadcast information generator 5 is a block which 
generates information concerning management information 
and connection protocol such as transmission information of 
control channel and ID number of base station and which 
changes a format of broadcast information from the network 
9 in such a manner that the format of broadcast information 
may be matched with a radio format. 

A paging information generator 6 is a block which gen- 
erates incoming call information which reports an incoming 
call to the terminal. 

A pilot signal generator 7 is adapted to generate a pilot 
signal of the present base station. Channels relating to the 
elements 4 to 7 are called control channels for transmitting 
control information while the other channels are called 
traffic channels. 

The contents and the formats of any of the pilot signal, the 
paging information, the broadcast information and the call 
connection information are standardized by the aforemen- 
tioned TIA/EIA/IS-95-A. 

The base station controller 8 controls the transmission of 
the control channel information as follows: 

The base station controller 8 does not transmit the control 
channel information to all beams of a plurality of beams at 
the same time but transmits the control channel information 
to only a part of beams. After a constant time elapsed, the 
base station controller 8 changes the beams to the next beam, 
e.g. the adjacent beam to which the control channel infor- 
mation should be transmitted. If the base station controller 
8 repeats this transmission process, the method in which the 
control channel information is transmitted is presented by a 
transmission method in which a beam rotates around the 
base station at every constant time interval like a lighthouse 
as shown in FIG. 6. 

When this process is seen from the terminal side, a 
terminal 10 which is now receiving the pilot signal in FIG. 

during a constant time but receives broadcast information 
after a constant time elapsed. As described above, the 
control signals, such as the pilot signal, the broadcast 
information, the call connection information and the paging 
information are sequentially supplied to the terminal, and 
the terminal constantly receives such control signals repeat- 
edly after a constant period of time elapsed. As a result, an 
interference of beams does not occur from a principle 
standpoint. In addition, it is sufficient for the terminal to 
obtain only necessary information in synchronism with the 
rotation cycle of this control information. There is then 
presented the advantage that a life span of batteries of a 
terminal receiver may be prolonged. 

Further, in this embodiment, the pilot signal is transmitted 
intermittently but the direction in which the pilot signal is 
transmitted is changed successively. Let it now be assumed 
that i here arc disposed a plurality of adjacent ceils as shown 
in FIG. 7. Then, a ratio of places in which intermittently- 
transmitted pili it signals interfere with each other is lowered 
and a probability in which the pilot signals from a plurality 
of adjacent cells will simultaneously be received at the 
terminal is considerably lowered so that an interference 
electric power of other cells can be reduced. In the base 
station system using the array antenna, since the traffic 

direction, the interference electric power could be reduced. 
Furthermore, according to the embodiment of the present 
invention, an interference characteristic of the pilot signal 
which occupies a large ratio of the transmit power of the 
base station is improved, and hence a subscriber's capacity 
can be increased much more. 
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Although the pilot signal may be transmitted from a 
plurality of beams, in order to avoid an interference from the 
adjacent beam, il is effective lo transmit the same pilot signal 
from beams of the number less than a half of the whole 
number of beams at maximum. 

The timing at which the control signal is transmitted 
intermittently will lie described with reference to FIG. 8. The 
control information, such as the pilot signal, the broadcast 
information, the call connection information and the paging 
information need not be rotated at the same cycle. 

In the radio communication system of the CDMA system, 
the pilot signal is used as a synchronizing signal in the radio 
zone between the terminal and the base station. Therefore, in 
order lo establish a s\ nchn mi/alion by the pilol signal \\ hieh 
is intermittently transmitted, the terminal has to operate by 
an internal clock while a signal is not received. Accordingly, 
if a time zone in which a signal is not transmitted is as short 
as possible, then it is possible to lower a required accuracy 
of synthesizers of the terminal and the base station. In a 
system in which a chip rate is 1 Mcps (chip per second) and 
the terminal allows a frequency variance of 0.1%, for 
example, if a synthesizer is a synthesizer of central fre- 
quency precision 1 ppm, it is necessary to supply a pilot 
signal at every 1 millisecond. 

Also, it takes a lot of time for the terminal to capture a 
pilot signal thereby to establish a synchronization. 
Therefore, at a certain point, the pilot signal has to be 
continuously received more than a constant period of time. 

In FIG. 8, each information is moved to the next beam at 
a constant time Atn. However, moving speeds of respective 
information elements are Atl, At2, At3, At4 and moving 
speeds which are individually determined with respect to 
respective information elements. In this case, although there 
occurs a time in which respective signals are overlapped, in 
the CDMA system, respective signals can be discriminated 
from each other by individual spreading codes, thereby 

The interval at which the above-mentioned control infor- 
mation is transmitted and the rotation speed are controlled 
by the base station controller 8. 

On the other hand, the up-link control information from 
the terminal to the base station has to be transmitted during 
a period in which beams of corresponding down- link control 
information are oriented toward the terminal. The up-link 
control information is received at the array antenna 17. The 
beam switcher 2 improves a signal quality by selecting a 
beam having the strongest received power or a beam having 
an excellent communication quality or by combining a 
plurality of beams. As a method of combining beams, there 
are known the following methods: 

(1) Maximal-ratio combining method using a correlation 
output value of each beam as a weight; 

(2) CMA (Constant Modulus Algorithm); 

(3) Equal gain combining method such as adding output 
values of respective beams as they are; 

(4) RAKE combining method in which time delays are 
considered; 

(5) Method of totaling three beams of a beam having a 
maximum amplitude and adjacent beams. 

A synchronization of a spreading code in the CDMA 
system will be described next. 

In the DS/CDMA system, a synchronizing accuracy of a 
spreading code largely affects an error rate of a radio path. 
To increase the rotation speed of the pilot signal and to 
substantially increase a frequency of pilot signals supplied lo 
the terminal by transmitting pilot signals from a plurality of 
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beams contribute to the improvement of the accuracy. 
However, when the terminal is energized or the terminal 
searches other connection destinations by a cell-search 
method during a communication, the terminal has to estab- 
5 lish a synchronization from the state that a synchronization 
is not established between the base station and the terminal 
at all. 

The DS/CDMA system spreads and modulates an original 
code O(t) by using both a short spreading code (short code) 

to S(t) of a short period for effecting a primary spreading and 
a long spreading code (long code) L(t) of a long period for 
effecting a secondary spreading. Although the pilot signal 
may generally be spread in the form of 0(t)S(t)L(t) and then 
transmitted, the pilot signal may be spread by the short 

15 spreading code only and then transmitted in the form of 
0(t)S(t). The latter form is referred to as "state that the long 
spreading code is masked". The state that the long spreading 
code is masked can be detected by the receiver and used to 
establish the synchronization between the base station and 

20 the terminal. Specifically, the pilot signal is divided into a 
portion P s in which the pilot signal is spread only by the 
short spreading code S(t) and a portion P B in which the pilot 
signal is spread by using both the short spreading code S(t) 
and the long spreading code L(t), and then the portion P s and 

25 the portion V D are transmitted one after another. Thus, the 
terminal can establish a synchronization with respect to only 
the short spreading code S(t) and reproduce a timing of a 
code with ease. 

FIGS. 9A and 10A are diagrams showing the thus trans- 

30 mitted pilot signals by a beam position of a certain time. On 
the other hand, FIGS. 9B and 10B are diagrams showing a 
time transition of one beam. 

While FIGS. 9A and 9B illustrate the example in which 
the number of the pilot signal P 5 in which the long spreading 

35 code is masked and the number of the pilot signal P B in 
which the long spreading code is not masked are set to a 
one-to-one relationship, it is sufficient that there is at least 
one pilot signal P s in which the long spreading code is 
masked in a beam group. As shown in FIGS. 10A and 10B, 

40 for example, if there are provided one pilot signal P s in 
which the long spreading code is masked and four pilot 
signals P B in which the long spreading code is not masked, 
then there can be achieved similar effects. 

A relationship between an intermittent time of a pilot 

45 signal and a synchronization accuracy will be described 
below with reference to FIGS. 11 and 12. FIG. 11 shows the 
received power presented when the intermittent time of the 
pilot signal is not constant. FIG. 12 shows the received 
power presented when the intermittent time of the pilot 

50 signal is constant. 

In order lo maintain a synchronization, during a period 
between the time when the terminal finishes to receive a 
pilol signal and Ihe lime when the terminal receives the next 
pilot signal, the terminal should use an internal clock. The 

55 above-mentioned period is determined by a maximum time 
At in the intermittent time of the pilot signal. Thus, the 
maximum time At should be shorter than the time during 
which the terminal can maintain the synchronization by the 
internal clock. However, when an interval in which the 

60 terminal receives the pilot signal is not constant, it is 
frequently observed that a synchronization characteristic is 
deteriorated. Therefore, the interval of the beam should 
always preferably be constant as shown in FIG. 12. 

A method of avoiding an interference of pilot signals 

65 between the cells will be described next. 

FIG. 13 is a diagram showing a radio communication 
system comprising a plurality of cells. In FIG. 13, reference 



numerals 35 to 38 denote beams of the pilot signals spread 
by the short spreading codes in which the long spreading 
codes are masked. 

It is very difficult to determine a specific base station from 
which a pilot signal for establishing a synchronization is ; 
transmitted, in particular, at the boundary portion of the 
cells. Alternatively, it is also very difficult to discriminate a 
pilot signal from multipath caused by a strong reflecting 
material or the like. As a consequence, there occurs a trouble 
in establishing an initiai synchronization such as when the 1 
terminal is energized. 

Therefore, if the beams 35 to 38 with the pilot signals for 
synchronization in which the long spreading codes are 
masked are oriented in the same direction among a plurality 
of cells as shown in FIG. 13, then an interference becomes , 
difficult to occur, and hence it becomes possible to prevent 
the terminal located at the boundary area from simulta- 
neously receiving a plurality of pilot signals in which the 
long spreading codes are masked. As a method of synchro- 
nizing the angles of the pilot signals among a plurality of 2 
cells, there are known the following methods: 

(A) Each base station has a GPS (Global Positioning 
System) to synchronize an angle of a pilot signal to a 
GPS clock; 

(I!) Each base station obtains initial synchronization from ■ 

a clock of network; and 
(C) A plurality of base stations are ranked and a low-order 
base station receives and judges a signal from a 
highest-order base station on the basis of a phase, 
whereafter the low-order base station automatically 30 
corrects the angle of the pilot signal in such a manner 
that the pilot signal in which the long spreading code is 
masked is oriented in the opposite direction of the 
direction from which the base station receives the pilot 
signal. 35 
So long as the pilot signals in which the spreading codes 
are masked are not simultaneously received by the terminal 
located at the boundary area, other methods may be used 
with similar action and effects being achieved although the 
angles of the pilot signals are deviated a little. 40 

A method of reducing an influence exerted by the pilot 
signal from the adjacent cell will be described next. In FIG. 
13, a signal received by the terminal 10 located at the 
boundary of a cell 64 is considerably affected by a pilot 
signal which is transmitted from a base station of other cell 45 
62. Accordingly, a power has to be controlled at a timing in 
which the terminal 10 receives a pilot signal from the 
adjacent cell 62. 

The terminal generally includes more than two receivers 
to constantly effect the cell-search during a communication. 50 
The terminal 10 memorizes therein a time difference 
between a reception time of a pilot signal of a close cell 
which will cause a largest interference at that time and a 
reception time of a pilot signal from a base station with 
which the terminal 10 is now communicated, and then 55 
reports the reception times and the time difference through 
the traffic channel to the base station with which the terminal 
10 is now being communicated. In the CDMA system, since 
a signal quality is most deteriorated at the timing in which 
an interference becomes largest, if the base station previ- 60 
ously obtains a timing at which a pilot signal arrives from 
other cell, then the power of a traffic channel can be 
controlled more efficiently. 

Another method will be described with reference to FIG. 
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14. 

In FIG. 14, reference numeral 39 denotes an terminal 
received power of a pilot signal from a base station with 
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which the terminal is now being communicated. On the 
other hand, reference numeral 40 denotes a terminal 
received electric power of a pilot signal from the adjacent 
base station which causes the largest interference. The 
terminal reports a phase difference A between the electric 
powers 39 and 40 to the base station with which the terminal 
is now being communicated. Based on the reported result, 
the base station, which is now being communicated with the 
terminal, interrupts the transmission of the traffic channel 
information. Thus, although a data rate is decreased a little, 
there can be achieved the effects such that an influence of an 
interference can be reduced and that a communication 
capacity can be increased. 

The radio communication system according to the present 
invention has been described so far. highlighting mainlv the 
pilot signal. Incidentally, although beams may be rotated at 
the individual rotation speeds with respect to the call con- 
nection information, the broadcast information and the pag- 
ing information as earlier noted, the present invention is not 
limited thereto, and the beams may be rotated at the same 
revolutions with respect to the call connection information, 
the broadcast information and the paging information. At 
that time, if the call connection information, the broadcast 
information and the paging information are respectively 
transmitted by different beams, then the number of control 
channel information transmitted to the same beam can be 
decreased, and hence an interference to the cell can be 
reduced much more. 
III. Modified Examples 

Modified examples according to the present ir 



The radio communication svstem according to the present 
invention has been described so far, highlighting mainly the 
CDMA system. However, an interference between the 
beams is not related to a particular multiple access system, 
and other multiple access systems such as TDMA (time 
division multiple access) system and FDMA (frequency 
division multiple access) system impose similar problems. 
Further, the present invention may be applied to systems of 
other CDMA system than the above-mentioned TIA/EIA/ 
1S-95-A. 

Recently, there is proposed a base station of a lloating 
sector type using an array antenna. This base station of the 
floating sector type may be understood as a multi-sector base 
station having a directional antenna in which an antenna 
pattern is partly overlapped. In such system, an interference 
characteristic, in particular, is deteriorated in the portion in 
which the directivity is overlapped. The present invention 
may effectively be applied to such floating sector type 
system. 

Having described preferred embodiments of the invention 
with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments and that various changes and modifications 
could be effected therein by one skilled in the art without 
departing from the spirit or scope of the invention as defined 
in the appended claims. 

What is claimed is: 

1. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives traffic information 
by a directional beam, wherein said directional beam for said 
control information is transmitted in such a manner that it is 
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rotated when said base station is seen from above, and 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information ? 
and paging information, and wherein a plurality of base 
stations which arc located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein said plurality of base stations which 
are located close to each other are ranked according to signal 10 
phase order, each said base station receives the adjacent pilot 
signal of higher order signal phase and transmits a pilot 
signal in the direction opposite to the direction from which 
said pilot signal is received, thereby synchronizing trans- 
mission angles of pilot signals of a plurality of base stations, is 

2. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 20 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives traffic information 
by a directional beam, wherein said directional beam for said 
control information is transmitted in such a manner that it is 
rotated when said base station is seen from above, and 25 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information 
and paging information, and wherein a plurality of base 30 
stations which are located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein each terminal includes more than two 
receivers, searches cells of other base station than a present 
communicated base station, memorizes and reports an 
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arrival time and a cycle of a pilot signal from other base- 
station than said presently communicated base station to said 
presently communicated base station and said presently 
communicated base station controls a transmit power in 
accordance with said arrival time and said cycle of said pilot 
signal. 

3. A cellular radio communication system comprising a 
plurality of base stations and a plurality of terminals and in 
which one cell is divided into a plurality of sectors, wherein 
each of said plurality of base stations transmits and receives 
control information by a directional beam with a time 
difference of the same information in a plurality of sectors 
within one cell and transmits and receives traffic information 
by a directional beam, wherein said directional beam for said 
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r that it 



rotated when said base station is seen from above, and 
wherein channels are multiplexed by a CDMA system, 
wherein said CDMA system shall be in accordance with the 
TIA/EIA/IS-95-A and said control information are a pilot 
signal, call connection information, broadcast information 
and paging information, and wherein a plurality of base 
stations which are located close to each other transmit pilot 
signals with a synchronization of transmission angles of said 
pilot signals, wherein each terminal includes more than two 
receivers, searches cells of other base station than a pres- 
ently communicated base station, memorizes and reports a 
phase difference between a pilot signal of said presently 
communicated base station and a pilot signal of said base 
station other titan said presently communicated base station 
to said presently communicated base station, and said pres- 
ently communicated base station does not transmit traffic 
information during a time corresponding to said phase 
difference. 
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is. In a coupler 10, the output signal from the subtracter 9 of 
each branch composed of plural antennas is outputted as a 
synthetic signal by performing diversity synthesis. 
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A mobile station (2), for use in a 
communication system comprising plural 
base stations (4) controlled by a base station 
controller (6), comprises a receiver (50, 52, 
54) for receiving signals from plural base 
stations which together comprise a set of 
candidate base stations. The mobile station 
determines power in the received signals, 
and compares the power with a first 
threshold value. The mobile station (2) 
identifies base stations (4) whose signals 
have a received power greater than the first 
threshold value and transmits a signal to the 
controller (6) representing identified base 
stations as being suitable for inclusion in an 
active set. The measured pilot energy of each 
pilot in the candidate set is iteratively 
compared against a threshold generated in 
accordance with the sum of the energies of 
the pilots in the active set. If the strongest 
pilot in the candidate set satisfies this 
threshold condition, it is added to the 
revised active set. A second iterative process 
is performed to determine whether a pilot 
should be deleted from the revised active 
set. The mobile station (2) determines 
whether a change to the current active set is 
desirable by measuring the energies of the 
pilots in the active set and the candidate set, 
and dynamically adjusting the necessary 
thresholds based on its own estimation of 
the communication environment. 
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m m 0 ] ¥)£ 17^ 10 jf 14 0 (2005 . 10 . 14) 
[#^ffliE 1 ] 

K o T€ g J- 3: 2k £ - £ M L , 

ffriaai 1 1L!&M^ ffi ISM ^* JV^-ri^gE^ft < & 1 ^MMMM^^ < ti>m 
fcz titz 1 q^Mxl^ lufB^i^afa^^jg^i-^^^ ^ v pr t> m m )■ ,j t .nil,; -r & 

',Uili)„l»- fr^i & 

maps 3] tamy>£ <hi ooBi^Bi^ttricjtag tifc i -otdu itrfc^Pifo 

h-t& £ 1 \* X \) tms ti&m^M i coffee, 

[f§^H4] miBi:^'«:tj:itifBM^--x.^^^-^ fev^T, ^^<?)^ffl siw : £'M;t 
ft#ft $ n&mmK 3 <^£ 0 
■mrnmmt M^m^mmm^h^mm^^^ *m 1 x ^ mm. u 

M M E§ Jm M £ M)a ^ QQ $ € €^ o 1 > T Htf IB^t M Jm ^ * ;v £ 
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[It^lHS] mm'!?* < tii L •o<D7 r <i y^JVj#yp-b y -frrt^ 

f C-lt 3 ft v ^ x A ^ ^ { - FIU Ellift^ If W-f & jf ^ ^ jgkSi- & W^Jg 8 ^ J: 
rig^Jl 1 0 1 lifffa/>£ < tii log)rV y^Vff7'n -tr y iffiK 

fflfa jfcife )m j: cm tfiim w ^ jj t ft tz mm * ^ y % )v t m&.-t & m-^*-* n< ^ 

ifrfa^fr < tii i pogftfluBfrifitpgiztpffifes ntz i ofc^^u 
mm&mm^m^^^)i^-^mmm2^m ! m$nfzmmm<mxTiu&T-r^t^, m 

Ml*? >^ ^ ^t&jjg^feat&i^ 7 t: J: & n 

[ffi^l 1] WtVP* < tii \ o^r :• v ^ JV^g^-^P -k y ^\ 

jfjij-fey ■^■^jixl^ ■ >^gii-&HjjLT^&^PlEgft^fltflB^a^ ^ 

Y1=S0FT SLOPE* COMBINED PIL0T+ ADD INTERCEP T tr & & ggsfcag 3 K X & 
Y1=S0FT SLOPE* C0MBINED_PIL0T+ DROP INTERCEP T^ & g> MAM 3HU TV fen 

tz mw iiLT kmte t tz t £ h , mm * ? b ^ £ a £ & a h k -§?t>m*M 1 

[M^XM 1 6 1 Iufa4?fr < tii l ~=><D-TJ V 9 )Vm^-fn -tr y ^\ 

mmm m m \ ■- u ii x h ft ^ m * v y * ^ t m m-r & mmm ^ ^ * )\> ^mm 
™lt, iyga/>^< tii i^mmmm*tm^&^*m^&m*n7^±&m 

So 

m^M 1 7 1 tiey7fA;N'7^^m< ^ 1 Qg)flBM^H J: ^) 

tiai^a 9 nJ:aM B 
YifcE^r^#^ii]gaEM-M#^fi^, ^n, 

Y1=S0FT SLOPE* COMBINED PIL0T+ ADD INTERCEP TS 1h> & ffi^ ^ ^gj-f & ft ^Xl 8 \Z. X 

Yl^ E^BI^ ^ if ggjg^?a# ^rfrv^ , r ^ H , 
Y1=S0FT SLOPE* COMBINED PIL0T+ DROP INTERCEP T^ % & $bZ< % MS t&1^8t:J: 

& 3^ "Bo 

[ff^Ji2 oi mtmmmKM^mmx h^tzmm^ ^ y ^ ^ tmm-r ^mmm^ 

ttia^-^- * )V - K 1 1 & ^ S# fL! ftg M @ x. & g£<h 1 1 Ifc^ L T , g|?c-M# ^ If g 



(3) JP 2001-510974 A5 2006.1.5 

[ 0 0 0 1 ] 

1. $m<ofrm 

2. l%m$flT<Pfa& 

•^l§g#i#IM (ACSSB) go J: 0 tl^M*^$a tLT ^ s it tl 

H-&CDM/WM£ ffltjU ^^6Qfl-gr A tiling LTifcR&S ft*: "A-rv 

&U.S.#ffrNo. 4,901, 307£j «fc ^ "CDMA-b )V <y ~ m§£ A X f A H & tt & £ 
^y^rA^Jltf'M" £M1-&U.S.#ffrNo. 5,103,459Hgg^ g tL& n CDMfr=&^-< ;W1 

[00021 

ifr^^^I^^^^T, &7t&1fc&ffi&&* f7>y-^tt^ ^- ! 4 ^ m <J A ^ - *r 
*qP>*LT\/>&) ^ilTiit^ n CDMAilM^^fflUfe^T, MJ«tX^ h9A^»x 

r o o o 3 1 

$3 «t 1 o j: V) % v^i&m h lt^Ib g *i r ~ 9 * m m k mm -r & ta& a , 

& j'M^- AA-f ^ll" tEtSU.S.#^No. 5,109,390 (' 390#ff) Kffi&S tl& 0 
[ 0 0 0 4 ] 

[ 0 0 0 5 ] 
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5,101,501fcfNfflt::-ga&g 
[ 0 0 0 6 ] 

S.ijff^No. 5,267,261^fa^^tLS 0 ' 261#f^ ^y, -J- A l-*3V>T\ V7h^>^7^ 
[ 0 0 0 7 ] 

-fey y t LT5lffl£tL> MSlM^^^ii€H*&MikMS-^nrx.*o ^2 co-fry h (if^ffi-tr 

-tr y h KiJDx. £ *&3 <7)-tr y > te jfejUj/ Pafi: < \~&Z> (*3 <£ tfftKl*: y h S f±f£*f 

-fey hK-prttl^V*) IM^-fey htiSo ^4<7)-fey h {i-ffi^^T CO^MM^ ^ * & 
^19 co-try ft^Jo 
[ 0 0 0 8 ] 

WfSJ^TM£Ti-& t /N°>fny h &)f jJM fe 7 y -fe - y £ m h a fSiftM teJ^To 3 og> 
tRU^TT^ n y h^ffi^M^tfcffiKfeT^f n y > SSMflfc ;* y -tr — 7 ££l £ 

°(1) SH-fey >^3£J£t*:M>9?)-try h/qn? h^iW ADD tiz> 0 

(2) f^ffi-fey jw^ny hcotemtfZ hKJr<Dmm (T CQMP ) /ftt^fj-try h/Mny 

(3) W-fey >co^i&-try M^lj-^^ny f <p & j» ^ ^ g# ffl £J? M lik ± mm (T D 
n y h g&f£M3 &* 2 -fe - v ^ Xilfc^ fe J: ^-T^^VTilttjES n y h oi* ;v 

[ 0 0 0 9 ] 

[0010] 
[0011] 
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[0012] 

>^-!i ! l5E? ftfc^-f n ^7 hi^^^r-co0je@|ffii:(Djfc!gEtti£oT^5e? ft& Zbtf 

jc* n^- ^^CSLTV^S#5-^^^^ r -'CfJ^*^ttT^S* h , -15d B<7VM n 7 
b K MLtv^Sfx * fiffl ^ S ^ 4) L ft £ 0 

[0013] 

nrniM K&^T. ti-b^ fi^^ny b7»IE£ ftyc^fjj-fey b^fj)/^?ft&^ 

?5iS?tLfc^>fn7 h^^JV^-ti. V^gf-fey h^O-; h^^;^"- (SP^. ^ 
A.) ^^ft-C* S^GaCINED_PILOT^^o"C||^?*tfcB3'tt Hfcf LT» Life $£3 ft 

& Q ST-£ Lv^ifcflnin £^T> icDBflfitfiOfiiMfi, ^ h * h coWf££ d t , & 
£ ftfetSKj-fe y b Kl)Wth ft> C0MBINED_PILOmff/c h fctz^A €^£iir 

tf x i Kfttmzti&o 

[0014] 

Ml-fey h<7)^>^-Hiff?^^iL/n^xi:foT, /Mn7 b7»IE£ft.*: 
V^llfey b a*kBfc*3 ftfc^jS^J&^&Sei'fcjfc*. ^2 coSffiyn-b^^^f £ft& 

tLSo COMBINED_PIL.OTx.if. UifimWi^ 7 b HJ^t^^M n y b <D J- 

* ;V 3?- CO £>|t t L X nf n $ ft £ o Wffi HU ^CO J; $ COMBIN ED PI LOTfjt CfotM 

Sft, ^HSIii^n? h^li^WffifcJiJRSfrfco W> -coiHIteM]3MS£ 

feft&-c&£ o o 

[0015] 

? ft Z> o ffiitkJM^JfP§f(±MSl^4^IE^fi)^ -7 b V x b ^ SMM TSIM V>^^gU 

u > y wfflt m £ ft ^ t § mim^ tztbwm. *$k§L-f& 0 % ft ^ ^ &mm.n& ie ^ ft. fcfif »j 

[0016] 

id-fey hK Lv^^^jeL, M^^^ftg #^*Jje^S^v^T^^^ 

tc±^ SlMft Hfj^^ft^J; -5 tf^it^J: ^gfj-b-7 he>^?>f n -7 b^mtl, ^Hh 
<r>Ml& LT^S MS ? ft*: ^ ^- fit. Js «t ^V^-T n 7 h ^fe 7 h ^ ^ J£» fe 

y b KWifr $ ft^ ^ § 3^<7?fcf-)& LT^4 *^f>^*>f n ^7 b 5^»Mfe ^ y -b - v ^^fe 

[0017] 

ft ^ t ^ ^ i- 1§ 0j§ (75 * i& Ml 60 m * i£ W ^ h x 19 K «ft * a -e S) * 0 o 

[0018] 
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raft ^ mm <n mm & mm 

K&^X, ^MJm 4 td:CDM AaaM -e$>a 0 MCDMAM x A K js if & V y h ^ > 

7 O WM & m& i ± tU M CO U . S . # ^ No. 5 , 101 , 501*3 J: 0* 5 , 267 , 261\Z WM K *K ^ h it X ^ & 

[0019] 

1112 (±MifeM4 ACJ: «J -fe^t*jH^g-T& 0 H12 li*^#(?)fi< 

c^t?tiswt\ ^-*ui i ^><D mm^j )ik±tmmK mm k & & v 7 k*7^[- 

&£>-C&% $ o Mx-fi^tUi, SifcM 4 Ate£Zf4 B tifiMK&S^k LtL^v^ 0 ^< L 

x, MMK4 Atekzf 4Biiimi)^y y*ftz> tnteti&o Z hK, ^iJiM 2 ^5S<£> 

4i-y h^JtffcJiio ^ffi-t^ h tt &fftJIU C£s J: CM G K ft t> £ „ 
[ 0 0 2 0 ] 

6 fi^MM 4Al3^'4B!: x - 9 Ltftl&L, - ti h Ml^ S> 7* 

[ 0 0 2 1 ] 

<fc ^^nl^Al',^ 3 H 7r-o?|ffl^i: LTli^t *i£ , 1993^10^ 

30H mmw "jll £tti g)-b ? ? We^ ^ K^t 7 £J&fr*-* #ffii3 J: O^it" t mT2> U. 
S.#f^m®No. 08/144,903{Cl#ffltC|ei* £ *iS 0 
[ 0 0 2 2 ] 

[ 0 0 2 3 ] 

O/^n? >#^3^$ S:lJlt5o ilM2«7>rt5 0 J; *) $ ti^M^iiM 
5 2 ^itLT^M L^€-^Srit*SL, ^ jj jg-f & CR 
CVR) 5 4 tcftl^ $ ^fA5 5 <7)/M 5 8 K * & o 

[ 0 0 2 4 ] 

tJU^T. tlfc#^-i±M#'*m^tf 6 4 A- 6 4NtM$tl& 0 iM*M^6 

4 A — 6 4 N> ifc»±^-<7)'9-^-t y h 1± &MM 2 ijff 3tLfci^*SUt:fitS 
o M#»f»f^6 4 A- 6 4 N^^60W$tL7t#-^{4. M $ 9 L. 

[ 0 0 2 5 ] 

1112 fi/^ n ^ h^-p > ^ JV^5^S:iB0S-r*o tUfPMSS 6 2 li^&SSfi 
t62 t4|i^^f«m 5 6(-PNt';-t? h ^«-T^o Witt 5 6 



(7) JP 2001-510974 A5 2006.1.5 

Htzssj n y h#^-fi, ^S^fftraS^^^^-^^^I-rs c\tKX ^)UM^ Htz^^ u 
f 0 0 2 6 1 

P J i € € # x. ^ ; ^ - ^ 2tcoa#^a^Ki^^fti-stc^+^-e*^HffiJ^T 

[ 0 0 2 7 ] 

4 u y h ;* y -fc - v 3fr & L ^ofxj£1-£ 0 

(1) jfiP-by h * <D-b y f<7)^ n y MJ^Wlt (T ADD ) JiUi^M^ft^ 

(2) f£«-by h^ny h^^^Mift-by h^ay Mjfej££BH& (T C0MP ) M±/i 

(3) MiS*by h^D-y Mitit^^afflMfflj: ^gv^M (T DR0P ) 

*>7Co 

HicMJ ^ y -t-W&i&m It Zrfth n -y > # ~7 -b -y M:i «f&$ ft, -^ft^ 

^^^"^ftiltOSE? ftfc^W n <y f ;v - ^ ^ M:ftl&?tiS 0 T ADD & 

£vn n . nr <7)mit &8hm 2 K^a&^n^A sft-cfc «tv>u MM4 ia ^mMiK2K 

M^tLT^iv^ (H4#I) o Sfcfc, f£l&&2*fti#KJ: •3it#3ft'C ! i>«fcv>o 
[ 0 0 2 8 ] 

f&UtPMSE 6 2 f*A>f n -y h<Dmm& X V s Ztihv>ft& LT^StHJteS ftfc/M n y 
hx^ji/^^ ^y-b- y"3 fr&& 7 0 &'«!£1-&o ^ z^ry| &^7 0 li'lf $&£#A,-C 
if>4^n? h g&JSHilU y -b - y £ 3&£-f & » /^ny hg&MUfe ;* y-b-y ^ J y 

ft^o ^ -y -fe-y |jH$^B5 2i5XZfTy-T^5 O^ILTfei^^o 
[ 0 0 2 9 ] 

14 Sr#M-r& t, /^n-v > SftJgjllJfc;* -y ~b - y^ lii 4 <^> T > f ^ 3 0 K£ V) § 
€$ft, 5r€€^"^if 1Mb. ^fr y jy/s^ h ML^m^-f &^«CRCVR)2 8 
ft, ^o ^c -y -b- ^ ^ SaM WtPSCBSCM >^-7x^X2 6 HMtSo & 
MMfiflJWCBSCM >^-y^-CX2 6 iiXMMffr«(BSC) 6 y -b-y ^ y 

-b-y M^2 2i:«^ti, ^ ft t * £ tz WMM 2 t Mm K & & %<D SAk M frh SH L 
y •b-y' S-fftSiS^ L,ftfrV* 0 iif^ 2 2 fi&& ? ft /t y > ^IJJg ^^ft-f & 
1112 M# H ^ Stti ^ <b g ft j< -y -b - y ^Jfe ^^^f & 0 ^1^^ 2 
2 4 ^BSC-f >^7xO>2 6 -e##$ ftTt:, ^fjlJg 2 tz fo Ct@ g ftfe 

3 2 Uli^^ ft&o 3 2 jj:/N°7- -y h *<£M L, T y y/^- > L 

«t t^ijiltg L, ^ ft h * T y T -)■ 3 4 o 
[ 0 0 3 0 ] 

[38c l] 
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Yl = SOFT_SLOPE*COMBINED_PILOT+ADD_INTERCEPT (1) 



[ 0 0 3 1 ] 

Y2 = SOFT_SLOPE*COMBINED_PILOT+DROP_INTERCEPT (2) 



[ 0 0 3 2 ] 

v>i[ri&Hte&T-C4>*o T J v-^^^ffii-^^fe, YHijfFS L< IiY2j: *) &;*:gv* 
[ 0 0 3 3 ] 

5* (1) ^.fctf (2) ^*b, 43 L#JE^^fi)-b^ U y hPJS^^JV^-^Y2Jil 

y >5& s ^iE3ft*:f£fiHry M^fcfca&KldU 2ocoi lo^f,fe|^^f , COMB 
INED_PILOT^flt^S*A a /iJt^^i"*^ > <7> g ^illj^a. * ;V ^- £ 

fA 2 fz\fmm-t=h Z t T** 0 ^<LT, A : fc,£^A 2 fiC0MBINED_PIL0T<7)H;^ 

^ffi, is J: V-^-x. t> *l £^>f n ? h * ^ *LHP*Lt&i(j-fe ? >• o PWSfSra* <b l» C *6 K 
[ 0 0 3 4 ] 

< LT, C0MBINED_PILOTfiS^X 1 J^T^^tL^# L^il, n -y h li1£lE 3 
ftttHry HcijDAtjtLi^^-C*!!), COMBINED_PILOTfjt^X 2 i ^^C§V^^tUi#LV^ 
tl, if© -try >*^ft $ft&^-C&&o 5^ (1) is J: 0 s (2) ri^J^T^StMi 

[»C3] 

SOPT_SLOPE = A 2 /A i; (3 ) 



[ 0 0 3 5 ] 

rs&4i 

DROPJNTERCEFT = T DROP - X 2 * A 2 /A,; (4) 



[ 0 0 3 6 ] 

ADD_INTERCEPT = DROP_INTERCEPT + A 2 . (5) 



[ 0 0 3 7 ] 

j-^;v^- (BP*b, E,/in) dB<pm%Lb LTdB-eyn? ]- gtL^ n «fc 5 fc, 

tl^M^SOFT SLOPE (gp^, ^ (3) ^^A 2 /A, ) <7)«|-£Tf U ^o^ft^ftAD 

D INTERCEPTS «t tfDRDP_INTERCEPT<E>y - -f > ^ - -fe 7° > C0EiaP«'e& & o y - f > ^ 

- -tr V° h fit lit-e*oTU<, i5 t* DROP INTERCEPT^^ ofit tLTgg^ta^t 
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[ 0 0 3 8 ] 

soft sloped Mm\t2~c$>& 0 02 L^mmm k& v> mm 2 li, @3^# 
^nau, & xzf a 2 L^w&mfcL. zfifrhtf. (3) <n>M&&Mm ltso 

FT_SL0PEc7?fi£ £ * ft £ # tm L T & J: ^ 0 til 2 £ «fc O^glJ K fftjfll S 6 2 f*. 
B#fig^^S^«^®X.SCOMBINED_PILOT(7)Mh^SlJyEi-S CL tKX A, <7)fg ^ L 

T*>J:v>o «njx.(f, |fftbv^WJi:*v^T, ^> £fe£i"CL £ tf^ccMB 

INED_PILOT^g^^^h4-^CYc^ > A, (i^^^»!H^fexL^C0MBINED_PIL0Tc7?tM^ 

^^ttiH^-r 1 ; t [BlfUg-e^^co-C, A 2 (iT ADD jsJ;^T DROP ra£0^tc^L < !£ 
S£ ftT& iv^o 

[ 0 0 3 9 ] 

WLKm%5Ltz£?K, X^miEZfttzmm^y hKMz-htlZ^^^uy h (W*> 

, YW^.mtr*) £31 ^j|aii-n-h^-eS)SG0MBiNED_piLar6o>(at lt/S? ft 

&o X 2 fiMitUr^ >^£>i&£ ^ft^^^M n y J* (ip-£, Y2^T DR0P £§J& t 

i%) ^fe^-r^+5>^&^O0MBINED_PILOTcofitt LT^3 ft& 0 X 2 C0fltf±WlM 

^ * m £ j& i' t * £ * , ft • fi -t % t- s v -e& & o x 2 co mm iz - 7 . 11 d b-c & & 0 
utL^mwmKis^x, mm itA, , a 2 &j:^x z £T DR0P ca&£ftfcte<?>*<af-m 

^^fltX^^ttg^^SLT^ <fcV> 0 LT, ^ L A j =1.5, A 2 =3, X 2 =-7.11 
dB, &J:0 ; T nBnp = -12.44 dB&^ ±|Sjt (1) - (5) K £ V) SOFT_SLOPE= 2 , ADD 
INTERCEPT= 4^78 d B, DROP_INTERCEPT= IL78 dBfeJ:U f X l =-7.61dB-C**o 

^ (4) frfr, 

DROP INTERCEPT^— 12 . 44— (-7.11) * 2=1.78 

5t (5) frfr, 

ADD INTERCEPT S .78+3=4 .78 

^T J JVt±T tnn ^-10.44^^ao-CV^(D^\ jfc (5) ^^X, CQfit^Y^ T tnn HP^LT COMBI 

NED PILOTcpfj Kft m u it ( 1 ) a>e>, 

-10.44=2* X 1 +4.78 

■£ftl& X 1= - 15.22/2=- 7.61 

[ 0 0 4 0 ] 

J: K7f< £ fltz /^ > 7 ^ v ^ ? fi#MM 2 £ ft £ 0 i ft t> > y ri y 

¥\±, ^lEZtifzifiWi^y h ^^^.-r^tzib^l 'VKW&Z J: 9 ic^ffl ? fts 0 tiM 
4Jt ^ SMM flriJfPg? 6 «t «3 (± tr L * #gft^ 2I:a> Ft7/^^^4t^^i:J: 

mMMmm^6^im%&mw.tm*m : T-fz>zt $>mn&o 1112 t±ni3 kml^jl 

ftllffl*kSSS6 2 H^#&?*L«, 0 jtS^t IT, WMif 6 2 (i^^ 

h K^X^m^tltzm^ik'&M-f&tztb, M^M^f- v > * MtMfff 61A-64N^ 
[ 0 0 4 1 ] 
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m^m^mmK^r, wmu 2 (pmmwkmmM 6 2 am 6 ic^sat/^^ct&oT^ 

IE£tL*:?£ijjfey b^^-T&o 7*uy^ 2 0 OM^T, BMfT ADD Slgi^ ;v 

MfflMJ^±^raT DR0P ]^T^^^^^°i' o y vibmmvx hfrhm^^ft&o m^mm 
TW-fiSJiJiT'e^o^^iigcoiij^^'Ko^^ ^--C26>4 0 t tdrop ?4 ^~cou iftfi, jgv^y 

[ 0 0 4 2 ] 

7*n^ 2 0 2(c£^T, ^ffl'jTi h^^n^ h Asfasj^f^l ~Cfrm$ ft&o ^ 
< LT, P cl (iP c 2 i «9 SBl < , *<Q* ? »' LTP Cl - itUt L < SiEIA/TTA/IS-95A^y ^ 
7 76.6.6.2.2(;fei? frlfcj: ? ^1£4f^"f n-;H <D E c A»"C*&o ^ n y ? 2 0 4 C 
iSV^T, «COMBINED_PILOmffifjj-t: y h <7)^M n y h<7>*-* L < 

ti^o ^c7 , n^ 2 0 4 Cfiv>T, Jl'-'T^tfr ti) timi KtyMltZit&o /n-y? 
2 0 6 t-*^T, lUfitfey hpt>^-P C i(i, ^ tU»IE £ ft fc^gj-tr y b^MW?-^ 
fp h ft & ^ § T* £> £ ^ S * * 5e f *> ?t #> ISIt £ ft & o Pc i li COMBINED PILOTS mfcM H 

^•QT^^^ti^HfituML-cih^^^^o m^mmiMMKB^x, mm (yi) ^±ie 

[ 0 0 4 3 ] 

43 LP K1 <DJ*4 ny h^JV^-;6WEtYl>HAx_&&f>, SfEtlfiT'n y ? 2 0 8 ^ftj < 
o 7*n^ 2 0 8 «3^T, n y h g&ff rMiF. ^ y -b- y CPSMVQ ^gfra 2 ^£>^-< n 
^ h P C i ^SffiJ-fe ^ h t-itlx. hft&Z. t ^f>RLTl^ Xfti 4 Cl^HSo Mi 4 Ji 

H:^o 7uy?2 1 OfcJSHT, C0MBINED_PIL0Toff L^ffi^ft^ ? ft, Zft^CCM 
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(57) Abstract 

A mobile station (2), for use 
in a communication system compris- 
ing plural base stations (4) controlled 
by a base station controller (6), com- 
prises a receiver (50, 52, 54) for re- 
ceiving signals from plural base sta- 
tions which together comprise a set 
of candidate base stations. The mo- 
bile station determines power in the 
received signals, and compares the 
power with a first threshold value. 
The mobile station (2) identifies base 
stations (4) whose signals have a re- 
ceived power greater than the first 
threshold value and transmits a sig- 
nal to the controller (6) representing 
identified base stations as being suit- 
able for inclusion in an active set. 
The measured pilot energy of each 
pilot in the candidate set is iteratively 
compared against a threshold gener- 
ated in accordance with the sum of 
the energies of the pilots in the ac- 
tive set. If the strongest pilot in the 
candidate set satisfies this threshold 
condition, it is added to the revised 
active set. A second iterative process 
is performed to determine whether a 
pilot should be deleted from the revised a 
by measuring the energies of the pilots in 
its own estimation of the communication environment. 
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:. The mobile station (2) determines whether a change to the current active set is desirable 
ive set and the candidate set, and dynamically adjusting the necessary thresholds base< 
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A METHOD OF AND APPARATUS FOR SELECTING BASE 
STATIONS TO COMMUNICATE WITH A REMOTE STATION 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates to a method of and apparatus for 
selecting base stations to communicate with a remote station. The present 
10 invention can be used for performing hand-off in a wireless communication 
system. 

II. Description of the Related Art 

15 The use of code division multiple access (CDMA) modulation 

techniques is but one of several techniques for facilitating communications 
in which a large number of system users are present. Although other 
techniques, such as time division multiple access (TDM A), frequency 
division multiple access (FDMA) and AM modulation schemes such as 

20 amplitude companded single sideband (ACSSB) are known, CDMA has 
significant advantages over these other modulation techniques. The use of 
CDMA techniques in a multiple access communication system is disclosed 
in U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE 
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR 

25 TERRESTRIAL REPEATERS" and U.S. Patent No. 5,103,459, entitled 
"SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN 
A CDMA CELLULAR TELEPHONE SYSTEM", both of which are assigned to 
the assignee of the present invention and are incorporated by reference. The 
method for providing CDMA mobile communications was standardized by 

30 the Telecommunications Industry Association in TIA/EIA/IS-95-A entitled 
"Mobile Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System". 

In the just mentioned patents, a multiple access technique is disclosed 
in which a large number of mobile telephone users, each having a 

35 transceiver, communicate through satellite repeaters or terrestrial base 
stations (also known as cell base stations or cell-sites) using code division 
multiple access (CDMA) spread spectrum communication signals. In using 
CDMA communications, the frequency spectrum can be reused multiple 
times thus permitting an increase in system user capacity. The use of CDMA 
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techniques results in much higher spectral efficiency than can be achieved 
using other multiple access techniques. 

A method for simultaneously demodulating data that has traveled 
along different propagation paths from one base station and for 
5 simultaneously demodulating data redundantly provided from more than 
one base station is disclosed in U.S. Patent No. 5,109,390 (the '390 patent), 
entitled "DIVERSITY RECEIVER IN A CDMA CELLULAR 
COMMUNICATION SYSTEM", assigned to the assignee of the present 
invention and incorporated by reference herein. In the '390 patent, the 

10 separately demodulated signals are combined to provide an estimate of the 
transmitted data which has higher reliability than the data demodulated by 
any one path or from any one base station. 

Handoffs can generally be divided into two categories- hard handoffs 
and soft handoffs. In a hard handoff, when a mobile station leaves and 

15 origination cell and enters a destination cell, the mobile station breaks its 
communication link with the origination cell and thereafter establishes a 
new communication link with the destination cell. In soft handoff, the 
mobile station completes a communication link with the destination cell 
prior to breaking its communication link with the origination cell. Thus, in 

20 soft handoff, the mobile station is redundantly in communication with both 
the origination cell and the destination cell for some period of time. 

Soft handoffs are far less likely to drop calls than hard handoffs. In 
addition, when a mobile station travels near a cell boundary, it may make 
repeated handoff requests in response to small changes in the environment. 

25 This problem, referred to as ping-ponging, is also greatly lessened by soft 
handoff. The process for performing soft handoff is described in detail in 
U.S. Pat. No. 5,101,501, entitled "METHOD AND SYSTEM FOR PROVIDING 
A SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR 
TELEPHONE SYSTEM" assigned to the assignee of the present invention 

30 and incorporated by reference herein. 

An improved soft handoff technique is disclosed in U.S. Pat. 
No. 5,267,261, entitled "MOBILE STATION ASSISTED SOFT HANDOFF IN 
A CDMA CELLULAR COMMUNICATIONS SYSTEM", which is assigned to 
the assignee of the present invention and incorporated by reference herein. 

35 In the system of the '261 patent, the soft handoff process is improved by 
measuring the strength of "pilot" signals transmitted by each base station 
within the system at the mobile station. These pilot strength measurements 
are of assistance in the soft handoff process by facilitating identification of 
viable base station handoff candidates. 
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The viable base station candidates can be divided into four sets. The 
first set, referred to as the Active Set, comprises base stations which are 
currently in communication with the mobile station. The second set, 
referred to as the Candidate Set, comprises base stations which have been 
5 determined to be of sufficient strength to be of use to the mobile station. 
Base stations are added to the candidate set when their measured pilot 
energy exceeds a predetermined threshold T ADD . The third set is the set of 
base stations which are in the vicinity of the mobile station ( and which are 
not included in the Active Set or the Candidate Set). And the fourth set is 

10 the Remaining Set which consists of all other base stations. 

In an IS-95-A communication system, the mobile station sends a Pilot 
Strength Measurement Message when it finds a pilot of sufficient strength 
that is not associated with any the of the Forward Traffic Channels currently 
being demodulated or when the strength of a pilot that is associated with 

15 one of the Forward Traffic Channels being demodulated drops below a 
threshold for a predetermined period of time. The mobile station sends a 
Pilot Strength Measurement Message following the detection of a change in 
the strength of a pilot under the following three conditions: 

20 1. The strength of a Neighbor Set or Remaining Set pilot 

is found above the threshold T ADD . 
2. The strength of a Candidate Set pilot exceeds the 
strength of an Active Set pilot by more that a threshold 
(Tcomp)- 

25 3. The strength of a pilot in the Active Set of Candidate 

Set has fallen below a threshold (T DROP ) for greater than 
a predetermined time period. 

The Pilot Strength Measurement Message identifies the base station and the 

30 measured pilot energy in decibels. 

A negative aspect of soft handoff is that because it involves 
redundantly transmitting information it consumes the available 
communication resource. However, soft handoff can provide great 
improvement in the quality of communication. Therefore, there is a need 

35 felt in the art for a method of minimizing the number of base stations 
transmitting redundant data to a mobile station user which provides 
sufficient transmission quality. 
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SUMMARY OF THE INVENTION 

According to one aspect of the invention there is provided a 
method for selecting base stations to communicate with a remote station 
5 comprising: measuring, in said remote station, a combination of signal 
energies over a predetermined time period from base stations capable of 
communicating with said remote station; computing, in said remote station, 
a first threshold value in response said measurement; comparing, in said 
remote station, a signal energy of a first base station with said first threshold; 

10 and selecting, in said remote station, said first base station when said signal 
energy of said first base station exceeds said first threshold. 

According to another aspect of the invention there is provided a 
mobile station for use in a communication system comprising plural base 
stations controlled by a base station controller, the mobile station 

15 comprising: a receiver for receiving signals from plural base stations which 
together comprise a set of candidate base stations; means for determining 
power in the received signals; first means for comparing the power in the 
received signal with a first threshold value; means for identifying base 
stations whose signals have a received power greater than the first threshold 

20 value; and means for transmitting a signal to the controller representing 
identified base stations as being suitable for inclusion in an active set. 

The present invention is embodied in a novel and improved method 
and apparatus for providing soft handoff in a mobile communication 
system. It should be noted at the outset, that one of the biggest problems 

25 with current systems is that the members of active set are determined in 
accordance with comparisons of measured pilot energy with fixed 
thresholds. However, the value of providing a redundant communication 
link to a mobile station depends strongly on the energy of other signals 
being provided to the mobile station. For example, the value of redundantly 

30 transmitting to a mobile station a signal with received energy corresponding 
to a pilot strength of -15 dB will not be of much value, if the mobile station 
is already receiving a transmission with signal energy corresponding to a 
pilot strength of -5dB. However, redundantly transmitting to a mobile 
station a signal of received energy corresponding to a pilot strength of -15 dB 

35 may be of substantial value, if the mobile station is receiving transmissions 
with signal energy corresponding to a pilot energy of only -13dB. 

At the mobile station, in determining whether to send a message 
indicating that a pilot from the candidate set should be moved to a revised 
active set, the measured pilot energy of each pilot in the candidate set is 
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iteratively compared against a threshold generated in accordance with the a 
variable COMBINED_PILOT which is the sum of the energies (i.e. the Ec/Io) 
of the pilots in the active set. In the preferred embodiment, the optimum 
value of this threshold is determined by the mobile station itself, without 
5 the need to send these thresholds over the air or to verify the mobile station 
requests at the base station. If the strongest pilot in the candidate set satisfies 
this threshold condition, it is added to the revised active set, and 
COMBINED_PILOT is recomputed to include the newly added pilot signal. 

Following the iterative process performed on the members of the 

10 candidate set, a second iterative process is performed to determine whether a 
pilot should be deleted from the revised active set. In this operation, pilots 
are tested from the weakest member of revised active set to the strongest. A 
COMBINED_PILOT energy value is computed that is the sum of the 
energies of all pilots belonging to the active set. A threshold value is 

15 generated in accordance with the COMBINED_PILOT value as described 
above and the pilot signal being tested is compared with the threshold. 
Again, this threshold is determined at the mobile station in order to avoid 
excessive signaling. If a pilot has been below the threshold value for a 
predetermined period of time, a message would be sent to the base station 

20 indicating that such a pilot should be dropped. 

The revised active set list is transmitted to the base station controller 
through the base stations with which the mobile station is in 
communication. The base station controller sets up the communication 
links with the base stations in the mobile generated revised active set list 

25 and generates an acknowledgment for the mobile station when the links are 
set up. The mobile station then conducts communications through the base 
stations of the revised active set. 

In the preferred embodiment, the mobile station monitors the pilot 
signals and in response to the monitored pilot signals the mobile station 

30 compiles members of the candidate set. Moreover, the mobile station 
determines whether a change to the current active set is desirable in view of 
the criteria discussed above by measuring the energies of the pilots in the 
active set and the candidate set, and dynamically adjusting the necessary 
thresholds based on its own estimation of the communication 

35 environment. Upon determining any change in the desired membership of 
the active set, the mobile station generates a pilot strength measurement 
message that as described above includes the identities of all pilots in the 
candidate and active sets, their corresponding measured energy values, and 
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a corresponding indication whether the pilot should remain in the sets or be 
moved into the neighbor set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description of an embodiment of 
the invention set forth below when taken in conjunction with the drawings 
in which like reference characters identify correspondingly throughout and 
wherein: 

FIG. 1 is an illustration of a cellular communication network; 
FIG. 2 is an illustration of the cellular communication network of 
FIG. and includes a base station controller; 

FIG. 3 is a block diagram of a mobile station embodying the present 
invention; 

FIG. 4 is a block diagram of a base station embodying the present 
invention; 

FIG. 5 is a graph of dynamic thresholds versus combined energies of 
pilots in an active set, illustrating the linear operations performed on soft 
handoff parameters; 

FIG. 6 is a flow diagram of a method for generating a revised active set 
in the mobile station; and 

FIG. 7 is state diagram illustrating the operation of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates wireless communication network in which the 
30 geographical area has been divided up into coverage areas referred to as cells 
and illustrated by a set of adjacent hexagons. Each cell is served by a 
corresponding base station 4. Each base station 4 transmits a pilot signal 
which uniquely identifies that base station. In the exemplary embodiment, 
the base stations 4 are CDMA base stations. A detail description of soft hand- 
35 off in a wireless CDMA communication system is described in detail in the 
aforementioned U.S. Patent Nos. 5,101,501 and 5,267,261. 

Mobile station 2 is located within the cell served by base station 4A. 
Since mobile station 2 is located near the cell boundary, it will likely be in a 
soft hand-off condition, in which it is simultaneously in communication 
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with more than one base station. It may, for example be in communication 
with base stations 4A and 4B. Thus, base stations 4A and 4B are said to make 
up the active set. Moreover, it may be that mobile station 2 has determined 
other base stations in its vicinity to have a measured pilot energy above a 
5 predetermined threshold T ADD , but that those base stations are not currently 
in communication with the mobile station. Those pilots are said to make 
up the candidate set. The candidate set could be made up of base stations 4C 
and 4G. 

Referring to FIG. 2, a typical communication network is illustrated. 

10 Data directed to mobile station 2 is provided from a public switched 
telephone network or other wireless system (not shown) to base station 
controller 6. Base station controller 6 provides the data to the base stations 
in mobile station 2's active list. In the example, base station controller 6 
redundantly provides data to and receives data from base stations 4A and 4B 

15 The present invention is equally applicable to conditions where each 

cell is divided into sectors. Communications to and from each sector can be 
separately received and demodulated by mobile station 2. For simplicity, the 
discussion will be described wherein in each base of base station 4 are 
uniquely located base stations. However, it will be readily seen by one 

20 skilled in the art that the present invention is equally applicable to sectored 
cells, simply by considering the possibility that the base stations can be 
collocated and transmitting to separate sectors within a cell. The condition 
where a mobile station is in simultaneous communication with more than 
one sector of a cell is referred to as softer handoff. The method and 

25 apparatus for performing softer hand-off are described in detail in copending 
U.S. Patent Application No. 08/144,903, entitled "METHOD AND 
APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS OF A 
COMMON BASE STATION", filed October 30, 1993, which is assigned to the 
assignee of the present invention and incorporated by reference herein. 

30 Within mobile station 2, each copy of the data packet is separately 

received, demodulated and decoded. The decoded data is then combined to 
give a estimate of the data of greater reliability than any one of demodulated 
estimates of the data. 

FIG. 3 illustrates a mobile station 2 in greater detail. Mobile station 2 

35 continuously or at intermittent intervals measures the strength of pilot 
signals of base stations 4. Signals received by antenna 50 of mobile station 2 
are provided through duplexer 52 to receiver (RCVR) 54 which amplifies, 
downconverts, and filters the received signal and provides it to pilot 
demodulator 58 of searcher subsystem 55. 
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In addition, the received signal is provided to traffic demodulators 
64A-64N. Traffic demodulators 64A-64N, or a subset thereof, separately 
demodulate signals received by mobile station 2. The demodulated signals 
from traffic demodulators 64A-64N are provided to combiner 66 which 
5 combines the demodulated data, which in turn provides an improved 
estimate of the transmitted data. 

Mobile station 2 measures the strength of pilot channels. Control 
processor 62 provides acquisition parameters to search processor 56. In the 
exemplary embodiment of a CDMA communication system, control 

10 processor 62 provides a PN offset to search processor 56. Search processor 56 
generates a PN sequence which is used by pilot demodulator 58 to 
demodulate the received signal. The demodulated pilot signal is provided 
to energy accumulator 60 which measures the energy of the demodulated 
pilot signal, by accumulating the energy for predetermined lengths of time. 

15 The measured pilot energy values are provided to control processor 

62. In the exemplary embodiment, control processor 62 compares the energy 
values to thresholds T A dd and T DROP . T ADD is threshold above which the 
received signal is of sufficient strength to effectively provide 
communications with mobile station 2. T DRO p is a threshold value below 

20 which the received signal energy is insufficient to effectively provide 
communications with mobile station 2. 

Mobile station 2 transmits a Pilot Strength Measurement Message 
which includes all pilots with energy greater than T ADD and all members of 
the current active set who's measured pilot energy has not fallen below 

25 T DRO p for more than a predetermined time period. In the exemplary 
embodiment, mobile station 2 generates and transmits a Pilot Strength 
Measurement Message following the detection of a change in the strength of 
a pilot under the following three conditions: 

30 1. The strength of a Neighbor Set or Remaining Set pilot 

is found above the threshold (T ADD ). 
2. The strength of a Candidate Set pilot exceeds the 
strength of an Active Set pilot by more that a threshold 
(Tcomp)- 

35 3. The strength of a pilot in the Active Set has fallen 

below a threshold (T DROP ) for greater than a 
predetermined time period. 

In the exemplary embodiment, the Pilot Strength Measurement Message 
40 identifies the pilot and provides a corresponding measured pilot energy. In 
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the exemplary embodiment, the base stations in the Pilot Strength 
Measurement Message are identified by their pilot offsets and their 
corresponding measured pilot energy is provided in units of decibels. The 
values of T ADD and T DRO p may be pre-programmed into the mobile station 2 
5 or provided to the mobile station 2 by the base station 4 (see FIG. 4). 
Furthermore, they may be calculated by the mobile station 2 itself. 

Control processor 62 provides the identities of the pilots and their 
corresponding measured pilot energies to message generator 70. Message 
generator 70 generates a Pilot Strength Measurement Message containing 

10 the information. The Pilot Strength Measurement Message is provided to 
transmitter (TMTR) 68, which encodes, modulates, upconverts and 
amplifies the message. The message is then transmitted through duplexer 
52 and antenna 50. 

Referring to FIG. 4, the Pilot Strength Measurement Message is 

15 received by antenna 30 of base station 4 and provided to receiver (RCVR) 28, 
which amplifies, down converts, demodulates and decodes the received 
signal and provides the message to base station controller (BSC) interface 26. 
Base station controller (BSC) interface 26 sends the message to base station 
controller (BSC) 6. The message is provided to selector 22, which may also 

20 receive the message redundantly from other base stations which are in 
communication with mobile station 2. Selector 22 combines message 
estimates received from the base stations in communication with mobile 
station 2 to provide improved packet estimates. 

Preferably, the mobile station 2 monitors the pilot signals and 

25 compiles members of each of the above-mentioned sets (active, candidate, 
and neighbor). Additionally, the mobile station 2 preferably determines 
whether a change to the current active set is desirable according to the 
following linear relationships: 

30 Yl = SOFT_SLOPE*COMBINED_PILOT+ADD_INTERCEPT (1) 
Y2 = SOFT_SLOPE*COMBINED_PILOT+DROP_INTERCEPT (2) 

where Yl is the dynamic threshold above which a candidate set pilot's 
measured energy must rise before the mobile station will request adding it to 
35 the revised active set, and Y2 is the dynamic threshold below which an 
active set pilot's energy must fall before the mobile station will request 
moving it from the active set to the candidate set. To provide hysteresis, Yl 
is preferably greater than Y2. 
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From Equations (1) and (2), it can be seen that if a particular active set 
pilot's measured energy falls below Y2, it is moved to the candidate set. In 
order for that same pilot to be added back into the revised active set, one of 
two things must happen; either the value of COMBINEDJPILOT decreases 
5 by some amount Ai, or that pilot's own measured energy increases by some 
amount A 2 . Thus, it can be seen that A x and A 2 are the hysteresis values of 
the COMBINEDJPILOT and individual pilot energy respectively needed to 
prevent a given pilot from being repeatedly moving in and out of the active 
set. 

10 Thus, pilots should be added to the revised active set when the 

COMBINED_PILOT value is less than or equal to X lf and should be dropped 
from the active set when the COMBINED_PILOT value is greater than or 
equal to X 2 . From Equations (1) and (2), it can be shown that: 

15 SOFT_SLOPE = A 2 /A i; (3) 

DROP_INTERCEPT = T DROP - X 2 * A 2 /A i; and (4) 

ADD_INTERCEPT = DROP_INTERCEPT + A 2 . (5) 

20 

This relationship is further illustrated in FIG. 5. The dynamic 
thresholds Yl and Y2 are plotted in dB as a function of combined pilot 
energy (i.e. E c /Io), also in dB. As can be seen, they are both linear functions 
with a slope of SOFT_SLOPE (i.e. A 2 /Aj from Equation (3)), and respective y- 

25 intercepts of ADD_INTERCEPT and DROP_INTERCEPT. Note that the y- 
intercept values may be negative, and DROP_INTERCEPT is illustrated in 
FIG. 5 as a negative value. 

An exemplary value for SOFT_SLOPE is 2. In the preferred 
embodiment, the mobile station 2 itself may calculate the value of 

30 SOFT_SLOPE by estimating the desired values for A x and A 2 by monitoring 
the fluctuation of all pilots in both the active and candidate sets as described 
above with reference to FIG. 3, and then applying the relationship of 
Equation (3). The mobile station 2, and specifically control processor 62, may 
estimate the value of A x by measuring the variations in COMBINED_PILOT 

35 over a predetermined amount of time. For example, Ai in the preferred 
embodiment is equal to the standard deviation of the COMBINED_PILOT 
over a predetermined period to prevent natural variations in 
COMBINED_PILOT from causing a handoff request. Additionally, A 2 in the 
preferred embodiment may be set equal to the difference between T ADD and 



WO 99/04593 



PCT/US98/14754 



11 

Tdrop because the difference between T ADD and T DROP is the same order of 
hysteresis required for A 2 . 

As previously discussed, Xj is shown as the value of 
COMBINED_PILOT which is sufficient to cause a pilot to be added to the 
5 revised active set (i.e. where Yl intersects T ADD ). Also, X 2 is shown as the 
value of COMBINED.PILOT which is sufficient to cause a pilot to be 
dropped from the active set (i.e. where Y2 intersects T DROP ). The value of X 2 
may be pre-programmed into the mobile station, or provided to the mobile 
station in a signaling message from the base station. In the preferred 

10 embodiment, it is a value high enough to provide a sufficiently robust 
forward link, while at the same time avoiding unnecessary redundancy. An 
exemplary value for X 2 is -7.11 dB. In the preferred embodiment, the mobile 
station itself may determine the value Xi from its calculation of A!, A 2 and 
the known values of X 2 and T DROP . Thus, if A^l.5, A 2 =3, X 2 = -7.11 dB, and 

15 T DROP = 12.44 dB; then SOFT.SLOPE = 2, ADD_INTERCEPT= 1.22 dB, 
DROP_INTERCEPT= -1.78 dB and X 1= -7.61 dB by Equations (l)-(5) above. 

The handoff parameters illustrated above are generated at mobile 
station 2. These handoff parameters are used as described below to generate 
a revised active set. By generating the handoff parameters at mobile station 

20 2, rather than at base station 4 or base station controller 6, they may be 
generated much more quickly and without excessive signaling. 
Additionally, this avoids having to perform any verification calculation at 
the base station 4 or base station controller 6. Mobile station 2 measures 
received pilot energy as described above with respect to FIG. 3. The pilot 

25 energy values are provided to control processor 62. In response, control 
processor 62 generates the handoff parameters. If, based on the handoff 
parameters generated by the mobile station, a pilot is required to be added to 
or dropped from the current active set, mobile station 2 transmits a message 
indicating the members of the revised active set to base station controller 6 

30 through base stations 4. Base station controller 6 sets up communications 
with mobile station 2. Mobile station 2 reconfigures traffic channel 
demodulators 64A-64N to demodulate received signals in accordance with 
the mobile generated revised active set. 

In the exemplary embodiment, control processor 62 in mobile station 

35 2 generates the revised active set in accordance with the method shown in 
FIG. 6. In block 200, pilots with measured energy in excess of threshold T ADD 
are added to the candidate list, whereas pilots whose measured energy has 
fallen below T DRO p for more that a predetermined time period are removed 
from the candidate list. In the exemplary embodiment, the time a pilot is 
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below T DRO p is tracked by a timer within control processor 62 referred to 
herein as the Ttdrop timer. The Ttdrop timer is a timer than keeps track of 
the time that a pilot has been below the drop threshold. The purpose of the 
Ttdrop timer is to avoid mistakenly dropping a strong pilot which may have 
5 a weak measured energy due to short duration change in the propagation 
environment, such as a fast fade. 

In block 202, the pilots in the candidate list are sorted from strongest 
to weakest. Thus, P C i is stronger than P a , and so on, where P ci is preferably 
the E c /Io for the candidate pilot I as defined in paragraph 6.6.6.2.2 of EIA/TIA 

10 IS-95A. In block 204, the variable COMBINE D_PILOT is set equal to the 
energy of all pilots in the active set. Also, in block 204, loop variable (i) is 
initialized to the value 1. In block 206, the candidate set member P Ci is tested 
to determine whether it should be made part of the revised active set. P Ci is 
compared against a threshold generated in accordance with the current 

15 value of COMBINED_PILOT. In the exemplary embodiment, the threshold 
(Yl) is generated in accordance with equation (1) above. 

If the pilot energy of P Ci exceeds threshold Yl, then the flow moves to 
block 208. In block 208, a Pilot Strength Measurement Message (PSMM) is 
sent from mobile station 2 to base station 4 requesting that pilot P ci be added 

20 to the active set. The base station 4 then sends a response message directing 
mobile station 2 to add pilot P a to the active set. In block 210, a new value of 
COMBINED_PILOT is computed which is equal to the old value of 
COMBINED_PILOT plus the energy of pilot P Ci . In block 212, the loop 
variable (i) is incremented. 

25 In block 213, it is determined whether all pilots in the candidate set 

have been tested. If all pilots in the candidate set have not been tested, then 
the flow moves to block 200 and proceeds as described above. If all pilots in 
the candidate set have been tested or if, back in block 206, the pilot energy of 
P C i did not exceed threshold Yl, then the flow moves to block 214. In block 

30 214, the revised active set is sorted from lowest energy to highest energy. 
Thus, P A1 has the minimum measured energy in the revised active set, P^ 
has the second lowest and so on up to the last member of the revised active 
set P^. 

In block 218, loop variable i is set to 1. In block 220, COMBINED 
35 PILOT for testing P Ai is computed. The value of COMBINED_PILOT is set 
equal to the sum of the measured energy of all pilots currently in the active 
set and having energy greater than the pilot currently being tested. Thus, 
COMBINED_PILOT is determined by the equation: 
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COMBINED J?lLOT= ^P Aj (6) 

where N is the number of pilots in the active set. 

In block 222, the current pilot being tested is compared against a 
5 threshold (Y2) determined in accordance with the computed value of 
COMBINED_PILOT. In the exemplary embodiment, threshold Y2 is 
determined in accordance with equation (2) above. If the measured pilot 
energy exceeds threshold Y2, then the flow moves to block 224 and the 
Ttdrop drop timers for pilots P Ai to P AN are reset to zero and determination of 

10 the revised active set ends in block 234. 

If the measured pilot energy P^ does not exceed threshold Y2, then 
the flow moves to block 226. In block 226, it is determined whether the 
Ttdrop timer for P^ has expired. If the T TD rop timer has expired, then, in 
block 228, the mobile station 2 sends a PSMM to base station 4 requesting 

15 that pilot P^ be removed from the active set and put in the candidate set. 
Base station 4 sends an affirmative response message, and the flow proceeds 
to block 230. If in block 226, it is determined that the Ttdrop timer for P Ai has 
not expired, then the flow proceeds directly to block 230. In block 230, the 
loop variable (i) is incremented. Then, in block 232, it is determined 

20 whether all the pilots in the active set P^ have been tested. If all the pilots 
in the active set have been tested, then the flow proceeds to block 234 and 
generation of the revised active set is complete. If all the pilots in the active 
set have not been tested, then the flow proceeds to block 220 and proceeds as 
described above. 

25 FIG. 7 shows a state diagram of the operation of the present 

invention. A given pilot, P Ni , may begin in the neighbor set 700. If the E c /Iq 
of the pilot P Ni exceeds the threshold T ADD , then it is added to the Candidate 
Set 702 by mobile station 2. If a pilot, P ci/ is in the candidate set 702, and its 
Ec/Iq falls below the threshold T DROP and its T TDROP timer expires, then it is 

30 moved by mobile station 2 from the candidate set 702 to the neighbor set 700. 
These two transitions just described correspond to block 200 of FIG. 6 - 
adding and removing pilots from the candidate set. 

If the E c /Io of a pilot, P d , in the candidate set exceeds the dynamic 
threshold Yl as determined in accordance with Equation (1) above, then a 

35 PSMM 706 is sent by mobile station 2 to base station 4 requesting that P ci be 
added to the active set 708. In response, the base station 4 sends an Extended 
Handoff Direction Message (EHDM), directing mobile station 2 to add P ci to 
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the active set 708. These two transitions just described correspond to blocks 
202-213 of FIG. 6. 

If the E c /Io of a pilot P^, in the active set is less than the dynamic 
threshold Y2, and its Ttdrqp timer expires, the mobile station 2 sends a 
5 PSMM 710 to base station 4 requesting that pilot P ai be dropped from the 
active set. In response, base station 4 sends an EHDM, directing mobile 
station 2 to drop P ai from the active set to the candidate set 702. These two 
transitions just described correspond to blocks 214-228 of FIG. 6. 

If the E c /Io of a pilot P ai/ in the active set is less than the threshold 

10 T DRO p and its T TDROP timer expires, the mobile station 2 sends a PSMM 704 to 
base station 4 requesting that pilot P ai be dropped from the active set. In 
response, base station 4 sends an EHDM, directing mobile station 2 to drop 
P ai from the active set to the neighbor set 702. There is no corresponding 
flow diagram herein for these two transitions. 

15 The previous description of the preferred embodiments is provided to 

enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 

20 Thus, the present invention is not intended to be limited to the 
embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 



I CLAIM: 
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CLAIMS 

1. A method for selecting base stations to communicate with a 
2 remote station comprising: 

measuring, in said remote station, a combination of signal energies 
4 over a predetermined time period from base stations capable of 

communicating with said remote station; 
6 computing, in said remote station, a first threshold value in response 

said measurement; 

8 comparing, in said remote station, a signal energy of a first base 

station with said first threshold; and 
10 selecting, in said remote station, said first base station when said 

signal energy of said first base station exceeds said first threshold. 

2. The method of Claim 1 wherein said signal energy of said first 
2 base station is the energy of a first base station pilot signal measured at said 

remote station. 

3. The method of Claim 2 wherein said combination of signal 
2 energies from base stations capable of communicating with said remote 

station comprises the sum of pilot energy values of pilot signals with greater 
4 received energy than said first base station. 

4. The method of Claim 3 wherein said step of computing a 
2 threshold value comprises performing a linear operation upon said 

combination of signal energies from base stations capable of communicating 
4 with said remote station. 

5. The method of Claim 4 wherein a slope of said linear operation 
2 is calculated in said remote station in response to a variation in said 

combination of signal energies over a predetermined time period. 

6. The method of Claim 5 wherein an intercept of said linear 
2 operation is calculated in said remote station in response to stored system 

parameters. 

7. The method of Claim 6 wherein said linear operation 
2 comprises: 
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multiplying said combination of signal energies from base stations 
4 capable of communicating with said remote station by a first variable; and 
summing a second variable with the product of said multiplication. 

8. The method of Claim 7 further comprising the step of 
2 transmitting a message indicative of said measured pilot signals from said 

remote station. 

9. A mobile station for use in a communication system 
2 comprising plural base stations controlled by a base station controller, the 

mobile station comprising: 
4 a receiver for receiving signals from plural base stations which 

together comprise a set of candidate base stations; 
6 means for determining power in the received signals; 

first means for comparing the power in the received signal with a first 
8 threshold value; 

means for identifying base stations whose signals have a received 
10 power greater than the first threshold value; and 

means for transmitting a signal to the controller representing 
12 identified base stations as being suitable for inclusion in an active set. 

10. A mobile station as claimed in claim 9, wherein said means for 
2 determining power comprises means for accumulating energy values for the 

received signals for a predetermined period of time. 

11. A mobile station as claimed in claim 9 or 10, wherein said first 
2 means for comparing comprises means for calculating the first threshold 

dynamically. 

12. A mobile station as claimed in claim 11, further comprising 
2 means for receiving one or more of the predetermined parameters in a 

signal transmitted from a base station. 

13. A mobile station as claimed in claim 11, further comprising 
2 means for storing a preprogrammed one or more of the predetermined 

parameters. 

14. A mobile station as claimed in any of claims 9 to 13, further 
2 comprising: 
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second means for comparing the power in the received signals of base 
4 stations in the active set with a second threshold value; 

means for identifying base stations in the active set whose signals 
6 have a received power less than the second threshold value for a 

predetermined period of time; and 
8 means for transmitting a signal to the controller representing 

identified base stations as being suitable for removal from the active set. 

15. A mobile station as claimed in claim 14, wherein said second 
2 means for comparing comprises means for calculating the second threshold 

dynamically. 

16. A mobile station as claimed in claim 15, further comprising 
2 means for receiving one or more of the predetermined parameters in a 

signal transmitted from a base station. 

17. A mobile station as claimed in claim 16, further comprising 
2 means for storing a preprogrammed one or more of the predetermined 

parameters. 

18. A mobile station as claimed in any of claims 14 to 17, wherein 
2 base stations identified as being suitable for removal from the active set are 

transferred to a set of neighboring base stations. 
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Abstract of JP 2002077992 (A) 
PROBLEM TO BE SOLVED: To effectively increase 
data rate of individual users of the third generation 
communication system. SOLUTION: This 
communication system has a first base station using 
a load information of an adjacent base station for 
adaptively scheduling the transmission to a mobile 
device within a coverage area of the first base 
station. The first base station determines whether 
the adjacent base station generating the maximum 
interference to the mobile device has a load lower 
than the load threshold or not (namely, whether the 
adjacent base station is in the lower loading 
condition or not). When the first base station has 
determined that the adjacent base station is in a 
lower loading condition, the adjacent base station 
almost does not give any interference at that timing 
to the mobile device and the first base station can 
transmit a signal to the mobile device with a high 
priority order. When the first base station has 
determined that the adjacent base station is not in 
the lower loading condition, the adjacent base 
station is giving a sufficiently larger interference to 
the mobile device and therefore the transmission to 
the mobile device is given a lower priority order. 
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(54) Method and system for data transmission scheduling using neighboring base station load 
information 



(57) A telecommunications system having a first 
base station that utilizes neighboring base station load 
informaLion Lo adaptively schedule transmissions to mo- 
bile devices within the first base station's coverage area 
Before transmitting information to a mobile device, the 
first base station determines whether neighboring base 
stations causing the most interference to the mobile de- 
vice have a load below a loading threshold (i.e., if the 
neighboring base stations are "lightly loaded"). If thefirst 
base station determines that the neighboring base sta- 
tions are lightly loaded, then the neighboring base sta- 



tions are providing little to no interference to the mobile 
device at which point, the first base station should trans- 
mit to the mobile device with high priority. If the first base 
station determines that the neighboring base stations 
are not lightly loaded, then the neighboring base sta- 
tions are providing sufficient interference to the mobile 
device that transmissions to the mobile device should 
be given low priority. Thus, the first base station sched- 
ules transmissions at times when the transmissions can 
be made at high data rates, which increases the data 
rates of the mobile devices and the overall throughput 
of the system. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

[0001] The present invention relates generally to the 
field of telecommunications and, more particularly, to 
adaptive data scheduling using neighboring base sta- 
tion load information in a wireless telecommunications 
system. 

2. Description of the Related Art 

[0002] Fig. 1 illustrates a portion of the components 
of an exemplary multiple access communications sys- 
tem 10. The system 10 includes a plurality of cells 1, 2, 

3. 4, 5, 6, 7 (collectively referred to herein as "cells"). 
The cells represent a portion of the geographic cover- 
age area served by the system 1 0. In Fig. 1 each cell is 
schematically represented by a hexagon; in practice, 
however, each cell usually has an irregular shape that 
depends on the topology of the terrain serviced by the 
system 10. Within each cell 1,2,3, 4, 5, 6, 7 is a base 
station 22A, 22B, 22C, 22D, 22E, 22F, 22G (collectively 
referred to herein as "base stations 22"). respectively, 
which is typically connected to a public switched tele- 
phone network ("PSTN") through a mobile switching 
center ("MSC") (the PSTN and MSC are not shown for 
convenience purposes). Each cell 1, 2, 3, 4, 5, 6, 7 is 
illustrated as having three sectors 1 a , 1 b , 1 c , through 7 a , 
7 b , 7°, respectively, which are typical in a communica- 
tions system implementing a frequency reuse pattern. 
That Is, the exemplary system 10 has a 1/3 frequency 
reuse pattern (i.e., as known in the art, the system 10 
can allocate a particular frequency every three cells). 
[0003] In operation, the base stations 22 establish 
wireless communications links with wireless or mobile 
devices e.g., mobile device M, within the cells 20 wish- 
ing to transmit and receive digital data. The wireless link 
between a mobile device and a base station comprises 
an uplinkfortransmitting information from the mobile de- 
vice, to the base station, and a downlink for transmitting 
information received by the base station to the mobile 
device. Sometimes the downlink is referred to as a for- 
ward link. 

[0004] Multiple access techniques regulate communi- 
cations forthe various mobile devices within a cell given 
a limited available bandwidth. An exemplary multiple ac- 
cess technique includes TDMA ("time-division multiple 
access"). In a TDMA system, frequency channels are 
divided into a plurality of time slots. Some slots are used 
for control purposes and others are used for information 
transfer. Typically, multiple users are given respective 
slots in a frequency channel so that a single frequency 
channel can accommodate multiple users. 
[0005] A number of third generation systems are 
evolving from the current wireless communications 
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technology such as TDMA IS-136 and GSM ("Global 
System for Communication") systems. These third gen- 
eration systems will transmit voice information and non- 
voice data to the mobile devices of their users. Exam- 

s pies of these third generation TDMA systems include 
general packet radio service ("GPRS") and enhanced 
GPRS ("EGPRS"). A goal of these third generation sys- 
tems is to enable mobile devices to transmit information 
to and receive information from the Internet. Thus, serv- 

10 ices currently available over the Internet, such as FTP 
("file transfer protocol"), web browsing, chat, electronic 
mail ("e-mail"), telnet, etc., will be available to the mobile 
devices that are part of a third generation TDMA system. 
[0006] In second generation TDMA systems the base 

'5 station transmit power is usually fixed. Thus, in order for 
the carrier signal to interference ratio ("C/l") of a down- 
link transmission to meet a minimum required threshold 
in most of the area of the cell, the power allocated per 
mobile must be high. With a high power allocation, the 

20 c/l of downlink transmissions should exceed the mini- 
mum threshold in most of the cell. 
[0007] Some of the third generation TDMA systems 
are going to have a very high frequency reuse, such as 
"compact EDGE ("enhanced data rates for GSM evolu- 

25 tion")," which will have a 1/3 frequency reuse pattern 
(see FIG. 1), and EGPRS, which will have a 4/12 fre- 
quency reuse pattern. Given the high frequency reuse, 
the transmission data rates of these systems will be lim- 
ited by interference, especially when the power allocat- 

30 ed per mobile is fixed and therefore, high, This interfer- 
ence from other sectors can result in low data rates for 
users and an overall low system throughput, 
[0008] Thus, there Is a desire and need to substan- 
tially increase the data rates of individual users of athird 

35 generation communications system. There is also a de- 
sire and need to increase the overall throughput of the 
third generation communications system. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a mechanism 
for substantially increasing the data rates of the users 
in a third generation communications system. 
[0010] The present invention also provides a mecha- 
45 nism for increasing the throughput of a third generation 
communications system. 

[0011] The above and other features and advantages 
of the invention are achieved by a telecommunications 
system having a first base station that utilizes neighbor- 
so ing base station load information to adaptively schedule 
transmissions to mobile devices within the base sta- 
tion's coverage area. Before transmitting information to 
a mobile device, the first base station determines wheth- 
er neighboring base stations causing the most interfer- 
es ence to the mobile device have a load below a loading 
threshold (i.e., if the neighboring base stations are "light- 
ly loaded"). If the first base station determines that the 
neighboring base stations are lightly loaded, then the 



2 



EP 1 180 881 A1 4 



3 

neighboring base stations are providing little to no inter- 
ference to the mobile device at which point, the first base 
station should transmit to the mobile device with high 
priority, since in this case a higher data rate can be used. 
If the first base station determines that the neighboring 
base stations are not lightly loaded, then the neighbor- 
ing base stations are causing sufficient interference to 
the mobile device that immediate transmissions to the 
mobile device should be given low priority, since the da- 
ta would be small. Thus, the first base station schedules 
transmissions at times when the transmissions can be 
made at high data rates, which increases the data rates 
to the mobile devices and the overall throughput of the 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing and other advantages and fea- 
tures of the invention will become more apparent from 
the detailed description of the preferred embodiments 
of the invention given below with reference to the ac- 
companying drawings in which: 

Fig. 1 illustrates a portion of a wireless communica- 
tions system; 

Fig. 2 illustrates an exemplary base station con- 
structed in accordance with an exemplary embodi- 
ment of the present invention; 
Fig, 3 illustrates in flowchart form exemplary call 
processing method performed by the base station 
of Fig. 2; and 

Fig. 4 illustrates in flowchart form another exempla- 
ry call processing method performed by the base 
station of Fig. 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention is suitable for use in a 
wireless telecommunications system, such as a third 
generation TDMA system. As noted above, an example 
of a third generation TDMA system includes a GPRS 
system and thus, the present invention is suitable for 
use in GPRS. It should be appreciated, however, that 
the present invention is suitable for any type of telecom- 
munications system (e.g., code-division multiple access 
(CDMA), GSM, etc.), and particularly those systems in 
which wireless or mobile devices experience interfer- 
ence from base stations outside of the cell in which the 
wireless or mobile device is located. The base stations 
located outside of the mobile device's cell are referred 
to herein as "neighboring base stations." The phrase 
"mobile device" is used herein to refer to any wireless 
communications device or terminal that may be serviced 
by a base station. 

[0014] The phrases "interfering neighboring base sta- 
tion" or "interfering neighboring base stations" are used 
herein to describe neighboring base stations that pro- 



vide the most interference (with respect to the interfer- 
ence from other neighboring base stations) to a partic- 
ular mobile device. The phrase "lightly loaded" is used 
herein to describe the situation where an interfering 

s neighboring base station has a load less than a loading 
threshold and thus, is not providing much interference 
to the mobile device. It should be apparent that if a cell 
is divided into sectors or if frequency reuse patterns are 
being utilized by the system , then the same base station 

10 will transmit to all sectors in a cell. Thus, it is possible 
forthe same base station to be lightly loaded in one sec- 
tor, yet substantially loaded in another sector. Moreover, 
the same base station may be interfering with a mobile 
device in one sector, but not in another. The phrase "in- 

'5 terfering sector" is used herein to designate a sector in 
which the mobile device receives substantial interfer- 
ence from an interfering neighboring base station or oth- 
er sector of the same cell. The phrase "servicing base 
station" is used herein to refer to the base station pro- 

20 viding service to the mobile device (i.e. , the base station 
providing service within the cell that the mobile device 
is located within). 

[0015] As will become apparent from the following de- 
tailed description, when a servicing base station of the 

25 present invention is incorporated into a wireless tele- 
communications system using fixed transmit power to 
each mobile (hereinafter referred to as "fixed power sys- 
tems"), the servicing base station will utilize load infor- 
mation from a mobile's interfering neighboring base sta- 

30 tion/stations to adaptively schedule transmissions to the 
mobile at times when higher data rates can be achieved. 
Thus, higher data rate transmissions can occur when 
there is less interference and better C/l . It must be noted 
that the interfering neighboring base stations may only 

35 be interfering in one sector and thus, the determination 
of whether that base station is lightly loaded is made 
based solely on the downlink power within the interfering 
sector. 

[0016] As will be discussed below with reference to 

40 Fig. 4, when the servicing base station of the present 
invention is used in a system implementing power con- 
trol (hereinafter referred to as a "power control system"), 
the servicing base station will utilize load information 
from the interfering neighboring base station/stations to 

45 adaptively schedule transmissions to the mobile at 
times when low power transmissions can be made. 
Again, it must be noted that the interfering neighboring 
base stations may only be interfering in one sector and 
thus, the determination of whether that base station is 

so lightly loaded is made based solely on the downlink pow- 
er within the interfering sector. Thus, in fixed power sys- 
tems, the base station of the present invention sched- 
ules transmissions at times when high data rates can 
be achieved. In power control systems, the present in- 

55 vention schedules transmissions when lowpowertrans- 
missions can be made, thus servicing its mobile devices 
with less power, which reduces interference to its neigh- 
bors. In either system, the base station of the present 



3 



5 

invention increases the overall throughput of the sys- 
tem. 

[0017] The present invention takes advantage of the 
statistical fluctuations of each cell's forward link transmit 
power. A base station's transmit power can fluctuate 
with the number of mobile devices it is servicing. Fur- 
thermore, since Internet traffic often appears bursty so 
that periods of high data rates are followed by periods 
of inactivity, a base station's transmit power may be low- 
er at times during which fewer of the mobile devices it 
is serving are receiving data. At other times, a base sta- 
tion will transmit near its maximum power, for example, 
when it has a number of active mobile devices, all of 
which are simultaneously receiving data. 
[0018] Fig. 2 illustrates a base station 22 constructed 
in accordance with the present invention. The base sta- 
tion 22 includes a controller 30, antenna 34 and radio 
module 32 connected in a conventional manner. The ra- 
dio module 32 contains a plurality of radios 32a, 32b, ... 
32x. The controller 30 may include a programmed mi- 
croprocessor coupled to a memory device or it may be 
an application specific integrated circuit (ASIC). It is de- 
sirable for the controller to include a programmed proc- 
essor and memory so the methods of the present inven- 
tion can be implemented in software. The controller 30 
is coupled to the radio module 32 and is in communica- 
tion with the MSC. The controller 30 controls and coor- 
dinates the operations of the base station 22 including, 
but not limited to, call processing and power control 
functions (if the system uses power control) while also 
communicating with the MSC. With the provision of 
some additional software, the controller 30 will also im- 
plement the methods 100 (Fig. 3), 200 (Fig. 4) of the 
present invention. 

[0019] The following example will be used to illustrate 
the operation of the base station of the present inven- 
tion. With reference to Fig. 1 , the system 10 utilizes a 
1/3 frequency reuse pattern and a mobile device M is 
located within a sector 1 b of cell 1 . In this example, the 
mobile device M, which will be serviced by base station 
22a, is near the vertex that joins cell 1 to cells 2 and 7. 
In this example, it is presumed that most of the interfer- 
ence that the mobile device M experiences will be from 
the base stations servicing sectors 2 C and 3 a . It should 
be noted that there could also be interference from the 
base station servicing sector 7 C or other sectors within 
the system 1 0, but for this example, it is presumed that 
most of the interference that the mobile device M expe- 
riences will be from the base stations servicing sectors 
2 C and 3 a . The determination of the base stations pro- 
viding the most interference to the mobile device M can 
be performed during system set-up, calibration, or any 
other suitable time, by measuring the interference ex- 
perienced atthe mobile device M from each neighboring 
base station(and each sector) or by any other method 
including, but not limited to, geographical or mathemat- 
ical evaluations and simulations. It should be noted, 
however, that the exact mechanism used to determine 
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which base stations provide interference to the mobile 
device M and which ones provide the most interference 
does not matter. Thus, the interfering sectors are 2 C and 
3 a , which means that most of the interference that the 

s mobile device M experiences will be from base stations 
22b and 22c (from their downlink transmissions to 2 C 
and 3 a ). Thus, in this example, the servicing base station 
is base station 22a and the interfering base stations will 
be base stations 22b and 22c. The system in this exam- 

10 pie is a fixed power system and it is desirable for the 
servicing base station 22a to transmit to the mobile de- 
vice M when the interfering neighboring base stations 
22b. 22c are lightly loaded with respectto sectors 2 C and 
3 a so that the transmissions to the mobile device M can 

'5 be made at a higher data rate. 

[0020] Referring now to Figs. 1 and 3, a first exempla- 
ry method 100 to perform adaptive data scheduling us- 
ing neighboring base station load information is now de- 
scribed. As noted above, it is desired that the method 

20 100 be implemented in software and executed by the 
base station 22 illustrated in Fig. 2. It should be noted, 
however, that the method 1 00 could also be implement- 
ed in hardware, such as an ASIC, or a combination of 
hardware and software. It is also desirable for the meth- 

25 od 1 00 to be executed by every base station 22 in the 
system 10. 

[0021] The method 100 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 1 02). The servicing base station 22a 
30 also identifies potential interfering neighboring base sta- 
tions based on the location of the mobile device M as 
well as possibly on the signal strength received by the 
mobile M from other base stations. For a mobile device 
M near a cell or sector border, e.g., 2 c and 3 a the base 
35 stations servicing these sectors generally will be the po- 
tentially interfering neighboring base stations. Thus, 
these sectors 2 C and 3 a , and the base stations 22b and 
22c servicing them will be identified as the interfering 
neighboring base stations. Depending on geography, 
40 traffic and experience, the servicing base station 22a 
can be programmed to monitor and identify other sets 
of interfering neighboring base stations during initial set- 
up and testing of the base station 22a. For instance, all 
of the adjacent cells could be monitored for a mobile de- 
45 vice M near a cell or sector border, or cells outside those 
immediately adjacent to the cell of the servicing base 
station 22a could be monitored. 
[0022] At step 1 04, the servicing base station 22a de- 
termines if the mobile device's interfering neighboring 
so base stations 22b, 22c are lightly loaded with respect to 
the interfering sectors 2 C and 3 a . One technique for de- 
termining whetherthe interfering base stations 22b, 22c 
are lightly loaded (or not) is disclosed in EP Application 
no. 01 304 478.9 which describes providing the servic- 
es ing base station with an antenna for directly measuring 
the downlink power of interfering neighboring base sta- 
tions. Once the downlink power is measured, it is com- 
pared to a reference downlink power for that neighbor- 
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ing base station, and a determination as to whether the 
interfering neighboring base station is lightly loaded is 
made based on the comparison. 
[0023] This same "mutual monitoring" technique can 
be utilized by the present invention. Since the present 
example utilizes a 1/3 frequency reuse pattern and mul- 
tiple sectors in a cell, the "mutual monitoring" technique 
of the co-pending application could require a slight ex- 
tension to ensure the proper monitoring of the interfer- 
ence on a per sector basis. For example, since it is pos- 
sible that the mobile device M can potentially receive 
significant amounts of interferencefrom base station 22f 
via sector 6 b , the servicing base station should be able 
to measure the downlink power of base station 22f in 
the direction of sector 6 b . However, if the downlink pow- 
er measuring antenna in sector 1 b receives power only 
in the direction of its own sector, this antenna will not 
receive significant power from base station 22f in the 
direction of sector 6 b , even though the mobile can. In 
this case, the downlink power measuring antenna of 
base station 22a in sector 1 a can be used to measure 
the power from base station 22f in the direction of sector 
6 b ; this information can then be transmitted via base sta- 
tion hardware from sector 1 a to 1 b . 
[0024] Anothertechnique for determining whetherthe 
interfering base stations 22b. 22c are lightly loaded (or 
not) with respect to interfering sectors 2 C and 3 a , is for 
the mobile device M to take measurements of the power 
it receives from the interfering neighboring base sta- 
tions. Once the mobile device M takes these measure- 
ments, it can report it back to the servicing base station 
22a, which will then use the measured power to deter- 
mine if the interfering neighboring base station is lightly 
loaded with respect to the interfering sectors. 
[0025] If at step 104 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are not lightly loaded with respect to the 
interfering sectors 2 C and 3 a , then the method 1 00 con- 
tinues at step 106. At this point, a transmission to the 
mobile device M would have a low C/l. At step 106 the 
servicing base station 22a will not transmit to the mobile 
device M at this time unless there are no other mobile 
devices with high priority for service. The servicing base 
station 22a can use the time slots to transmit with high 
data rates to mobile devices that are not experiencing 
interference from their neighboring base stations. 
[0026] If at step 104 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2 C and 3 a , then the method 1 00 contin- 
ues at step 1 1 0. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l. At step 
110 the servicing base station gives high priority to 
transmit to the mobile device M. Thus, the method 1 00 
attempts to transmit to mobile devices at times when the 
data rates used will be highest. This substantially in- 
creases the data rates of the mobile device M and the 
overall throughput of the system 10. 



[0027] The present invention will now be described 
with its use in a power control system. As is known in 
the art, a base station process known as power control 
regulates the transmitting power of the base station and 

s the mobile devices communicating with the base sta- 
tion. This typically occurs in CDMA (code-division mul- 
tiple access) systems, but it can be incorporated into 
third generation TDMA systems as well. The power con- 
trol process also regulates the number of users that a 

10 cell can support at any one time based on the amount 
of noise and interference present within the cell. Inter- 
ference caused by users of the same cell and interfer- 
ence caused by users in other cells is a limiting factor 
to the capacity of the cell and the system. It is desired 

'5 to reduce the power of transmissions to and from the 
base stations and thus, reduce the amount of interfer- 
ence within the cells (or sectors within the cells) so that 
the capacity and throughput of the system can be in- 
creased. 

20 [0028] The following example will be used to illustrate 
the operation of the base station of the present invention 
with a system utilizing power control. With reference to 
Fig. 1, the system 10 utilizes a 1/3 frequency reuse pat- 
tern and a mobile device M is located within a sector 1 b 

25 of cell 1 . As in the prior example, the mobile device M, 
which will be serviced by base station 22a, is near the 
vertex that joins cell 1 to cells 2 and 7. It is presumed 
that most of the interference that the mobile device M 
experiences will be Tram the base stations servicing sec- 

30 tors 2 C and 3 a . It should be noted that there could also 
be interference from the base station servicing sector 7 C 
or other sectors within the system 1 0, but for this exam- 
ple, it is presumed that most of the interference that the 
mobile device M experiences will be from the base sta- 

35 tions servicing sectors 2 C and 3 a The interfering sectors 
are 2 C and 3 a , which means that most of the interference 
that the mobile device M experiences will be from base 
stations 22b and 22c (from their downlink transmissions 
to 2 C and 3 a ). The servicing base station is base station 

40 22a and the interfering base stations will be base sta- 
tions 22b and 22c. The system in this example utilizes 
power control and thus, it is desirable for the servicing 
base station 22ato transmitto the mobile device M when 
the interfering neighboring base stations 22b, 22c are 

45 lightly loaded with respect to sectors 2 C and 3 a so that 
the less power is used during the transmissions to the 
mobile device M. 

[0029] Referring now to Figs. 1 and 4, another exem- 
plary method 200 to perform adaptive data scheduling 

so using neighboring base station load information is now 
described. As noted above, it is desired that the method 
200 be executed by the base station 22 illustrated in Fig. 
2. It is also desirable for the method 200 to be executed 
by every base station in the system 10. 

55 [0030] The method 200 begins when the servicing 
base station 22a selects a mobile device M to which to 
transmit data (step 202). The servicing base station 22a 
also identifies potential interfering neighboring base sta- 
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tions based on the mobile device's location (described 
above). At step 204, the servicing base station 22a de- 
termines if the mobile device's interfering neighboring 
base stations 22b, 22c are lightly loaded with respect to 
the interfering sectors 2 C and 3 a . This determination can 
be made by one of the two techniques listed above. 
[0031] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b. 22c are not lightly loaded with respect to the 
interfering sectors 2 C and 3 a , then the method 200 con- 
tinues at step 206. At this point, a transmission to the 
mobile device M would result in a low C/l at the mobile 
device M and would require an increase in transmission 
power to compensate for the low C/l. At step 206, the 
servicing base station 22a gives low priority to transmit 
to the mobile device M . This way the servicing base sta- 
tion 22a would not waste power on this transmission. 
More importantly, by not transmitting with increased 
power, the servicing base station 22a will not increase 
the interference to mobile devices that receive the most 
interference from the servicing base station 22a. 
[0032] If at step 204 the servicing base station 22a 
determines that the interfering neighboring base sta- 
tions 22b, 22c are lightly loaded with respect to the in- 
terfering sectors 2 C and 3 a , then the method 200 contin- 
ues at step 21 0. At this point, a transmission to the mo- 
bile device would have a high or acceptable C/l and less 
power is required for the transmission, At step 21 0 the 
servicing base station transmits to the mobile device M 
with high priority. Thus, the method 200 attempts to 
transmit to mobile devices only at times when lower 
power transmissions can be used. This substantially re- 
duces the co-channel interference caused by the serv- 
icing base station 22a and substantially increases the 
overall throughput of the system 1 0. 
[0033] The methods of the present invention is pref- 
erably implemented in software and the software in- 
structions and data can be stored in PROM, EEPROM 
or other nonvolatile memory connected to or contained 
within the controller. The software used in the present 
invention can be stored on a hard drive, floppy disc, 
CD-ROM or other permanent or semi-permanent stor- 
age medium and subsequently transferred to the mem- 
ory of the controller. The program embodying the meth- 
od of the present invention can also be divided into pro- 
gram code segments, downloaded, for example, from a 
server computer or transmitted as a data signal embod- 
ied in a carrier wave to the controller as is known in the 
art. 

[0034] While the invention has been described in de- 
tail in connection with the preferred embodiments 
known at the time, it should be readily understood that 
the invention is not limited to such disclosed embodi- 
ments. Rather, the invention can be modified to incor- 
porate any number of variations, alterations, substitu- 
tions or equivalent arrangements not heretofore de- 
scribed, but which are commensurate with the scope of 
the invention. Accordingly, the invention is not to be 



seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 



1. A method of transmitting information to a wireless 
device in a telecommunications system, said meth- 
od comprising the steps of: 

determining if at least one neighboring base 
station of the wireless device has a load below 
a loading threshold; and 
adjusting data transmissions to the wireless de- 
vice based on the determination. 

2. The method of claim 1 , wherein said adjusting step 
gives high priority to transmit to the wireless device 
if it is determined that the load of the at least one 
neighboring base station is below the loading 
threshold. 

3. The method of claim 1 , wherein said adjusting step 
transmits to the wireless device with low priority if it 
is determined that the load of the at least one neigh- 
boring base station is not below the loading thresh- 
old. 

4. The method of claim 1 , wherein said determining 
step comprises: 

identifying neighboring base stations that may 
interfere with transmissions to the wireless de- 
vice based on the location of the wireless de- 
vice and received signal strengths at a wireless 
device associated with the identified base sta- 
tions; 

monitoring the load of the identified base sta- 
tions; and 

comparing the monitored load to the loading 
threshold. 

5. The method of claim 4, wherein said monitoring 
step comprises: 

receiving a signal indicative of the load from the 
identified base stations; and 
comparing the signal to a reference signal cor- 
responding to the loading threshold. 

6. The method of claim 4, wherein said monitoring 
step comprises: 

receiving a signal indicative of the load on the 
identified base stations from the wireless de- 
vice; and 

comparing the signal to a reference signal cor- 
responding to the loading threshold. 



11 



EP 1 180 881 A1 



12 



7. The method of claim 1 , wherein the wireless device 
is located within a sector of a cell and the at least 
one neighboring base station is a base station that 
provides significant interference to the wireless de- 
vice. 

8. A method of transmitting information to a wireless 
device in a telecommunications system, said meth- 
od comprising the steps of: 

determining if neighboring base stations of the 
wireless device have a load below a loading 
threshold; and 

adjusting data transmissions to the wireless de- 
vice based on the determination. 

9. A base station for a wireless telecommunications 
system, said base station comprising: 

a controller, said controller for determining if at 
least one neighboring base station of a wireless 
device has a load below a loading threshold 
and for adjusting data transmissions to the 
wireless device based on the determination. 

10. The base station of claim 9, wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device at a high data rate if it is determined 
that an aggregate load from a significant interfering 
neighboring base station is below the loading 
threshold. 

11. The base station of claim 9, wherein said controller 
adjusts the data transmission by transmitting to the 
wireless device with low priority if it is determined 
that an aggregate load from significant interfering 
neighboring base stations is greater than or equal 
to the loading threshold. 

12. The base station of claim 9, wherein said controller 
determines if the load of the at least one neighbor- 
ing base station is below the loading threshold by 
identifying neighboring base stations that may inter- 
fere with transmissions to the wireless device based 
on the location of the wireless device or received 
signal strength at a wireless device associated with 
the identified base stations, monitoring a load of the 
identified base stations, and comparing the moni- 
tored load to the loading threshold. 

13. The base station of claim 12, wherein said controller 
monitors the load of the identified base stations by 
receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 
threshold. 

14. The base station of claim 12, wherein said controller 



monitors the load of the identified base stations by 
receiving a signal indicative of the load on the iden- 
tified base stations from the-wireless device and 
comparing the signal to a reference signal corre- 
s sponding to the loading threshold. 

15. The base station of claim 12, wherein the wireless 
device is located within a sector of a cell and the 
controller identifies neighboring base stations as 

10 base stations that provide the most interference to 
the wireless device. 

16. A wireless telecommunications system, said sys- 
tem comprising: 

a first base station, said first base station for 
determining if neighboring base stations of a 
wireless device have a load below a loading 
threshold and for adjusting data transmissions 
20 to the wireless device based on the determina- 

tion. 

17. The system of claim 16, wherein said first base sta- 
tion adjusts the data transmission by transmitting to 

25 the wireless device with high priority if it is deter- 
mined that the load of the neighboring base stations 
are below the loading threshold. 

18. The system of claim 1 6, wherein said first base sta- 
30 tion adjusts the data transmission by transmitting to 

the wireless device with low priority if it is deter- 
mined that the load of the neighboring base stations 
are not below the loading threshold. 

35 19. The system of claim 1 6, wherein said first base sta- 
tion determines if the neighboring base stations 
have a load below the loading threshold by identi- 
fying neighboring base stations that may interfere 
with transmissions to the wireless device based on 

40 the location of the wireless device or received signal 
strengths from the identified base stations, monitor- 
ing the load of the identified base stations, and com- 
paring the monitored load to the loading threshold. 

45 20. The system of claim 1 9, wherein said first base sta- 
tion monitors the load of the identified base stations 
by receiving a signal indicative of the load from the 
identified base stations and comparing the signal to 
a reference signal corresponding to the loading 

so threshold. 

21 . The system of claim 1 9, wherein said first base sta- 
tion monitors the load of the identified base stations 
by receiving a signal indicative of the load on the 
55 identified base stations from the wireless device 
and comparing the signal to a reference signal cor- 
responding to the loading threshold. 
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22. The system of claim 16, wherein said system is a 
time-division multiple access (TDMA) system. 

23. A time-division multiple access telecommunica- 
tions system, said system comprising: s 

a base station, said base station for determin- 
ing if an aggregate load from significant inter- 
fering base stations is below a loading thresh- 
old and for adjusting data transmissions to the 10 
wireless device based on the determination. 
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RECORDING MEDIUM FOR WIRELESS LAN SYSTEM 

9 if 

A 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the hidden terminal problem and reduce to the 
utmost consumption power of an access point (AP; connection equipment) for a 
wireless LAN system performing wireless communication with a terminal, by relating 
the AP of interest to the terminal located in a cell (communication area) determined 
by the transmission power. 

SOLUTION: By grasping the loads of a plurality of APs by mutually transmitting/ 
receiving the loads through a wired LAN 2, and controlling transmission power to a 
terminal based on the load conditions of the APA and its neighboring AP, the APA is 
controlled to increase the transmission power output, etc., when the neighboring AP 
is in a high load condition and the APA is in a low load condition, so as to assist the 
communication performed by the neighboring AP. As such, by sharing the loads in 



the overall wireless LAN system, it becomes possible to solve the hidden terminal 
problem virtually. Moreover, it becomes possible to suppress the transmission power 
of each AP by controlling the transmission power of the neighboring AP in such a 
way as increasing the power only when assisting the communication of the APA, 
while generally maintaining the transmission power in a normal condition. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]By relating with a terminal in a communications area fixed with transmission 
power, In a contact for wireless LAN systems which performs said terminal and radio, 
A loaded-condition judging means which judges loaded condition of a self contact, 
and a loaded-condition reporting means which notifies loaded condition judged by 
said loaded-condition judging means to a nearby contact, A loaded-condition 
reception means which receives loaded condition of a contact of said neighborhood 
notified from a contact of said neighborhood, A contact for wireless LAN systems 
having a transmission-power-control means to control said transmission power, 
based on self loaded condition judged by said loaded-condition judging means, and 
loaded condition of the neighborhood received by said loaded-condition reception 
means. 

[Claim 2]The contact for wireless LAN systems according to claim 1 when control of 
transmission power by said transmission-power-control means is when self loaded 
condition is lower than constant value and nearby loaded condition is higher than 
said constant value, wherein it is raising a transmission power value. 
[Claim 3]The contact for wireless LAN systems according to claim 1, wherein 
control of transmission power by said transmission-power-control means is 
maintaining or lowering a transmission power value regardless of loaded condition of 
said neighborhood when self loaded condition's is higher than constant value. 
[Claim 4]The contact for wireless LAN systems according to claim 1 characterized 
by comprising the following. 

A determination means with relation to be based on self loaded condition judged by 



said loaded-condition judging means, to relate and to determine new correlation with 
a terminal in a self communications area which has not been carried out, and 
subsequent correlation with a terminal which is already associated and is carried out. 
An execution means with relation which performs correlation determined by said 
determination means with relation. 

[Claim 5]The contact for wireless LAN systems according to claim 4 cutting said 
determination means with relation from the one where received power from a 
terminal is smaller to priority when cutting correlation with a terminal which is 
already associated and is carried out. 

[Claim 6]By relating with a terminal in a communications area fixed with transmission 
power, In a wireless LAN connection method using a contact for wireless LAN 
systems which performs said terminal and radio, Loaded-condition decision 
processing which judges loaded condition of a self contact, and notice processing of 
loaded condition which notifies loaded condition judged by said loaded-condition 
decision processing to a nearby contact, Loaded-condition reception which receives 
loaded condition of a contact of said neighborhood notified from a contact of said 
neighborhood, A wireless LAN connection method performing transmission-power- 
control processing which controls said transmission power based on self loaded 
condition judged by said loaded-condition decision processing, and loaded condition 
of the neighborhood received by said loaded-condition reception means. 
[Claim 7]The wireless LAN connection method according to claim 6 when control of 
transmission power by said transmission-power-control processing is when self 
loaded condition is lower than constant value and nearby loaded condition is higher 
than said constant value, wherein it is raising a transmission power value. 
[Claim 8]The wireless LAN connection method according to claim 6, wherein control 
of transmission power by said transmission-power-control processing is maintaining 
or lowering a transmission power value regardless of loaded condition of said 
neighborhood when self loaded condition's is higher than constant value. 
[Claim 9]Are the wireless LAN connection method according to claim 6, and further 
based on self loaded condition judged by said loaded-condition decision processing, 
Decision processing with relation which relates and determines new correlation with 
a terminal in a self communications area which has not been carried out, and 
subsequent correlation with a terminal which is already associated and is carried out, 
A wireless LAN connection method performing executive operation with relation 
which performs correlation determined by said decision processing with relation. 
[Claim 10]The wireless LAN connection method according to claim 9 cutting said 
decision processing with relation preferentially from the one where received power 
from a terminal is smaller when cutting correlation with a terminal which is already 
associated and is carried out. 

[Claim 1 1]By relating with a terminal in a communications area fixed with 
transmission power, In a program for wireless LAN systems used with a contact for 



wireless LAN systems which performs said terminal and radio, A loaded-condition 
judging means which judges loaded condition of a self contact, and a loaded- 
condition reporting means which notifies loaded condition judged by said loaded- 
condition judging means to a nearby contact, A loaded-condition reception means 
which receives loaded condition of a contact of said neighborhood notified from a 
contact of said neighborhood, A program for wireless LAN systems operating a 
transmission-power-control means to control said transmission power as a contact 
for wireless LAN based on self loaded condition judged by said loaded-condition 
judging means, and loaded condition of the neighborhood received by said loaded- 
condition reception means. 

[Claim 12]The program for wireless LAN systems according to claim 11 when control 
of transmission power by said transmission-power-control means is when self 
loaded condition is lower than constant value and nearby loaded condition is higher 
than said constant value, wherein it is raising a transmission power value. 
[Claim 13]The program for wireless LAN systems according to claim 1 1, wherein 
control of transmission power by said transmission-power-control means is 
maintaining or lowering a transmission power value regardless of loaded condition of 
said neighborhood when self loaded condition's is higher than constant value. 
[Claim 14]Are the program for wireless LAN systems according to claim 1 1, and 
further, Based on self loaded condition judged by said loaded-condition judging 
means, A determination means with relation to relate and to determine new 
correlation with a terminal in a self communications area which has not been carried 
out, and subsequent correlation with a terminal which is already associated and is 
carried out, A program for wireless LAN systems operating an execution means with 
relation which performs correlation determined by said determination means with 
relation as a contact for wireless LAN systems. 

[Claim 15]The program for wireless LAN systems according to claim 14 cutting said 
determination means with relation from the one where received power from a 
terminal is smaller to priority when cutting correlation with a terminal which is 
already associated and is carried out. 

[Claim 16]A recording medium for wireless LAN systems in which reading in a 
contact for wireless LAN systems recording a program for wireless LAN systems of 
a description on at least 1 clause of Claims 11-15 is possible. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]It relates with the terminal (computer) in the communications 
area (cell) fixed with transmission power in this invention. 

Therefore, it is related with the program for the contact for wireless LAN systems 
(AP:Access Point), a wireless LAN connection method, and wireless LAN systems 
and the recording medium for wireless LAN systems which perform this terminal and 
radio. 



[0002] 

[Description of the Prior Art]Much LAN (Local Area Network: Local Area Network) is 
built with computerization of a company, a university, etc. However, it may be 
difficult to redo wiring, if change of the layout of the room arises, or to newly wire in 
an old precious building. In order to cope with these problems, the wireless LAN 
which transposed most most [ parts or ] to radio attracts attention, and 
standardization has come to be performed. 

[0003]LAN is used and it is a medium (in wireless LAN, it is not a cable and) with 
what kind of method about data. As a distributed access control system of the MAC 
(Media Access Control: media access control) layer which controls whether it 
transmits on space, there is a CSMA (Carrier Sense Multiple Access) system. In this 
CSMA system, each apparatus on LAN transmits a frame, when the existence of the 
carrier on a channel is detected and there is no carrier. In this system, a carrier is 
undetectable by a transit delay etc., and when the frame has been transmitted, the 
collision of a frame takes place. About cable LAN, it is IEEE 802.3, To a CSMA 
system. The CSMA/CD (Carrier Sense Multiple Access with Collision Detection: 
carrier sense multiple access with collision detection) system which added the frame 
collision-detection function and frame transmission interruption function under 
transmission is standardized. However, since it is difficult in wireless LAN to perform 
collision detection of a frame during transmission, The CSMA/CA (Carrier Sense 
Multiple Access with Collision Avoidance: subcarrier perception multi-access / 
collision avoidance) system which added the collision-avoidance function to the 
CSMA system has been proposed and examined. If AP to a reply cannot be found 
even if according to this CSMA/CA system a frame is transmitted and it carries out 
fixed time progress from a terminal to nearby AP (Access Point: contact), a frame 



will be transmitted again. 

[0004] However, when many terminals perform a lot of [ the concentration hips and a 
terminal ] data communications only in a specific area, a channel load increases, and 
the total amount required of a terminal is tight about channel capacity, and leads to 
deterioration of the communication efficiency within a channel, or communication 
quality. Therefore, generally, AP will take the measures of restricting the terminal 
number to connect or lowering a communication rate with each terminal, if a channel 
load becomes high. As a method of restricting such a number of splicing terminals, a 
new correlation demand of a terminal is refused or forced release of correlation is 
performed to the already associated terminal. In this method, although it is possible 
to stop the channel load of each AP, it does not necessarily lead to improving or 
maintaining the availability of the whole network. Although the channel with which 
refusal or the terminal by which forced release was carried out searches for another 
channel (AP) which can communicate, and the greatest RSSI (Receive Signal 
Strength Indicator: received radio field intensity) is obtained in correlation with AP 
used as a heavy load is chosen, RSSI runs short by the case where distance with 
AP is far, an electromagnetic-wave-propagation situation, etc., at the time of this 
search, and sufficient quality may be unable to be communicated. When a terminal is 
located especially near AP, such a situation happens easily. Such a situation can be 
explained using drawing 13. That is, as shown in drawing 13, the terminals alpha and 
beta are located in the communications area of AP A , and, moreover, the terminal 
alpha considers the case where the position and the terminal beta which are 
separated from AP A are in the position near AP A . If communication with AP A is cut 
by such a case, since the terminal alpha is located also in the cell of AP E , it can 
perform AP E and radio by searching for AP E . However, since the terminal beta is not 
located in the cell of other AP of which, it cannot perform subsequent 
communication, a mutual sending signal is unreceivable like [ the case where such a 
terminal beta has a distance longer than the range which an electric wave reaches 
between radio terminals, and in case the obstacle which interrupts an electric wave 
is in between ] — what is called — " — it can hide and can be called the same state 
as substantially as terminal." therefore — a CSMA/CA system — " — when it hides 
and the problem of terminal" arises, the terminal which cannot communicate will 
transmit the same frame repeatedly, and also will be the vicious circle that a channel 
load increases. 

[0005]this — " — the method of hiding and adding the structure of the 

communication right control by a RTS/CTS (Request To Send/Clear To Send) 

system to a CSMA/CA system as a measure for a terminal" problem is generally 

known. This RTS/CTS system is defined by IEEE 802.1 1 standard. 

It uses combining the signal (RTS) which requires a transmission permission, and the 

signal (CTS) which answers a transmission permission. 

That is, a terminal adds RTS and confirms the existence of a transmission 

permission, and when the CTS frame of a transmission permission is received from 



AP, it can transmit. In this system, the CTS frame of the transmission permission 
which AP transmitted, Since it is transmitted also to terminals other than the 
terminal which transmitted RTS, it can turn out that other terminals are 
communicating with AP at the time, and the problem of transmitting the same RTS 
frame like a CSMA/CA system repeatedly can be solved. 
[0006] 

[Problem to be solved by the invention]however, although the problem of the vicious 
circle by repeating the above retransmission of message is solvable in a RTS/CTS 
system, it is said that it cannot transmit and receive — " — it did not hide and the 
direct problem of terminal" is not necessarily solved. Therefore, there is no change 
in the availability of the whole network being restricted. 
[0007]As shown in drawing 14 as mentioned above paying attention to the 
transmission power of AP without paying attention to a transmission system, if a cell 
is enlarged and it is made to locate the terminal beta also in the cell of other AP by 
enlarging transmission power of AP — " — it is possible to hide and to solve the 
direct problem of terminal." That is, if the cell of each AP is enlarged as shown in 
drawing 14, since the terminal beta enters in the next AP D and the cell of AP E , even 
if it cannot communicate with AP A , it can be communicated with AP D or AP E . 
However, since transmission power becomes large by enlarging a cell, it is not 
desirable from a viewpoint of the low power consumption of AP. And if transmission 
power is enlarged too much, the radio wave interference between AP may occur. 
[0008]then — while this invention is made in view of the situation mentioned above 
and the power consumption of AP is stopped as much as possible — " — it aims at 
hiding and solving the problem of terminal." 
[0009] 

[Means for solving problem]In order to attain the above-mentioned purpose, 
invention concerning Claim 1, By relating with the terminal in the communications 
area fixed with transmission power, In the contact for wireless LAN systems which 
performs said terminal and radio, The loaded-condition judging means which judges 
the loaded condition of a self contact, and the loaded-condition reporting means 
which notifies the loaded condition judged by said loaded-condition judging means to 
a nearby contact, The loaded-condition reception means which receives the loaded 
condition of the contact of said neighborhood notified from the contact of said 
neighborhood, It is a contact for wireless LAN systems having a transmission- 
power-control means to control said transmission power, based on the self loaded 
condition judged by said loaded-condition judging means, and the loaded condition of 
the neighborhood received by said loaded-condition reception means. 
[0010]Invention concerning Claim 2 control of the transmission power by said 
transmission-power-control means, It is when self loaded condition is lower than 
constant value, and when nearby loaded condition is higher than said constant value, 
it is the contact for wireless LAN systems according to claim 1 being raising a 
transmission power value. 



[001 1]Invention concerning Claim 3 is the contact for wireless LAN systems 
according to claim 1, wherein control of the transmission power by said 
transmission-power-control means is maintaining or lowering a transmission power 
value regardless of the loaded condition of said neighborhood when self loaded 
condition's is higher than constant value. 

[0012]Invention concerning Claim 4 is the contact for wireless LAN systems 
according to claim 1, Based on the self loaded condition judged by said loaded- 
condition judging means, A determination means with relation to relate and to 
determine the new correlation with the terminal in a self communications area which 
has not been carried out, and the subsequent correlation with the terminal which is 
already associated and is carried out, It is a contact for wireless LAN systems 
having an execution means with relation which performs correlation determined by 
said determination means with relation. 

[001 3]Invention concerning Claim 5 is the contact for wireless LAN systems 
according to claim 4 cutting said determination means with relation from the one 
where the received power from a terminal is smaller to priority when cutting 
correlation with the terminal which is already associated and is carried out. 
[0014]Invention concerning Claim 6 by relating with the terminal in the 
communications area fixed with transmission power, In the wireless LAN connection 
method using the contact for wireless LAN systems which performs said terminal 
and radio, The loaded-condition decision processing which judges the loaded 
condition of a self contact, and the notice processing of loaded condition which 
notifies the loaded condition judged by said loaded-condition decision processing to 
a nearby contact, The loaded-condition reception which receives the loaded 
condition of the contact of said neighborhood notified from the contact of said 
neighborhood, It is a wireless LAN connection method performing transmission- 
power-control processing which controls said transmission power based on the self 
loaded condition judged by said loaded-condition decision processing, and the loaded 
condition of the neighborhood received by said loaded-condition reception means. 
[0015]Invention concerning Claim 7 is the wireless LAN connection method 
according to claim 6 when control of the transmission power by said transmission- 
power-control processing is when self loaded condition is lower than constant value 
and nearby loaded condition is higher than said constant value, wherein it is raising a 
transmission power value. 

[001 6]Invention concerning Claim 8 is the wireless LAN connection method 
according to claim 6, wherein control of the transmission power by said 
transmission-power-control processing is maintaining or lowering a transmission 
power value regardless of the loaded condition of said neighborhood when self 
loaded condition's is higher than constant value. 

[001 7]Invention concerning Claim 9 is the wireless LAN connection method 
according to claim 6, Based on the self loaded condition judged by said loaded- 
condition decision processing, The decision processing with relation which relates 



and determines the new correlation with the terminal in a self communications area 
which has not been carried out, and the subsequent correlation with the terminal 
which is already associated and is carried out, It is a wireless LAN connection 
method performing executive operation with relation which performs correlation 
determined by said decision processing with relation. 

[0018]Invention concerning Claim 10 is the wireless LAN connection method 
according to claim 9 cutting said decision processing with relation preferentially 
[ when cutting correlation with the terminal which is already associated and is 
carried out ] from the one where the received power from a terminal is smaller. 
[001 9]Invention concerning Claim 1 1 by relating with the terminal in the 
communications area fixed with transmission power, In the program for wireless LAN 
systems used with the contact for wireless LAN systems which performs said 
terminal and radio, The loaded-condition judging means which judges the loaded 
condition of a self contact, and the loaded-condition reporting means which notifies 
the loaded condition judged by said loaded-condition judging means to a nearby 
contact, The loaded-condition reception means which receives the loaded condition 
of the contact of said neighborhood notified from the contact of said neighborhood, 
It is a program for wireless LAN systems operating a transmission-power-control 
means to control said transmission power as the contact for wireless LAN based on 
the self loaded condition judged by said loaded-condition judging means, and the 
loaded condition of the neighborhood received by said loaded-condition reception 
means. 

[0020]With the "program" in this invention here. What consists of eclipse **** with 
turn of a command suitable for processing by the contact for wireless LAN systems 
(computer) is said, What is installed in HDD of a computer, CD-RW, etc., and the 
thing currently recorded on various recording media, such as CD-ROM, DVD, FD, 
and HDD of a computer, are also contained. 

[0021]Invention concerning Claim 12 control of the transmission power by said 
transmission-power-control means, It is when self loaded condition is lower than 
constant value, and when nearby loaded condition is higher than said constant value, 
it is the program for wireless LAN systems according to claim 1 1 being raising a 
transmission power value. 

[0022]It is the program for wireless LAN systems according to claim 1 1 being that 
invention concerning Claim 13 maintains or lowers a transmission power value 
regardless of loaded condition of said neighborhood when self loaded condition of 
control of transmission power by said transmission-power-control means is higher 
than constant value. 

[0023]Invention concerning Claim 14 is the program for wireless LAN systems 
according to claim 11, Based on self loaded condition judged by said loaded- 
condition judging means, A determination means with relation to relate and to 
determine new correlation with a terminal in a self communications area which has 
not been carried out, and subsequent correlation with a terminal which is already 



associated and is carried out, It is a program for wireless LAN systems operating an 
execution means with relation which performs correlation determined by said 
determination means with relation as a contact for wireless LAN systems. 
[0024]Invention concerning Claim 15 is the program for wireless LAN systems 
according to claim 14 cutting said determination means with relation from the one 
where received power from a terminal is smaller to priority when cutting correlation 
with a terminal which is already associated and is carried out. 
[0025]Invention concerning Claim 16 is a recording medium for wireless LAN 
systems which can be read in a contact for wireless LAN systems recording a 
program for wireless LAN systems of a description on at least 1 clause of Claims 
11-15. 

[0026]What is necessary is just to be able to use it for reading of a program for 
operating each means with a "recording medium" in this invention with a contact for 
wireless LAN systems (computer) here, and it is not dependent on how information 
is recorded using the physical characteristic of a medium, and a physical record 
method. For example, FD, CD-ROM (R, RW), DVD-ROM (RAM, R, RW), MO, MD, 
magnetic tape, etc. correspond. 
[0027] 

[Mode for carrying out the invention]One embodiment which uses Drawings below 
and starts this invention is described. 

[0028]Drawing 1 is a figure showing an entire configuration of the wireless LAN 
system 1 concerning this embodiment. As shown in drawing 1, the wireless LAN 
system 1 is built via cable LAN2 with a computer terminal (here the terminal alpha) 
which can communicate using AP A and neighborhood AP (AP B etc.), each AP, and 
wireless LAN as a contact which can communicate. Since it is the same, below, all 
composition of AP explains composition of AP A . In this embodiment, a case where 
AP A performs the terminal alpha and radio is explained. 

[0029]AP A is provided with the main control part (CPU) 10 which controls this whole 
AP A , and the program store part 1 1 a program (p) required for operation of the whole 
AP A including this main control part is remembered to be. This program (p) is a 
program for performing a function (processing) later mentioned to AP A . 
[0030]AP A is provided with the switch 13 connected to the antenna 12 for carrying 
out radio to the terminal alpha, and this antenna 12, and it is provided with the 
receive section 15 which receives the transmission section 14 and an electric wave 
which transmit an electric wave by the change of this switch 1 3. AP A is provided 
with the transmitting and receiving controller 17 which controls operation of the 
transmission section 14 and the receive section 15. AP A is provided with the 
transmission power control section 16 which controls transmission power of the 
transmission section 14, and also as for the transmission power control section 16, 
operation is controlled by the main control part 10. AP A is provided with the received 
power measuring part 18 which measures electric power of an electric wave 
received in the receive section 15. AP A is provided with the load measurement part 



19 which performs load measurement of self-AP A in order to judge the three below- 
mentioned loaded condition by the main control part 10. AP A is provided with the 
external interface 20 for connecting setting terminal [ of the main control part 10 
and the exterior ] 3, and cable LAN2. 

[0031]The transmission power value table 21, the received power value table 22, the 
load threshold table 23, and the contiguity AP definition table 24 are built by AP A . 
[0032]Among these, the transmission power value table 21 is a table used in order 
to set up the power value for every transmission power level and to change the 
transmission power of the transmission section 14 by the transmission power 
control section 1 6, as shown in drawing 2. 

[0033]As shown in drawing 3, the received power value table 22 is a table for 
managing RSSI for every terminal MAC Address of each terminal, and manages the 
power value (the newest value) measured by the received power measuring part 18. 
The received power measuring part 18 is added when there is no entry of this 
terminal, whenever it measures a power value for every terminal related with self- 
AP A and communication with a terminal is performed, and when there is already an 
entry of a terminal, it updates a value. 

[0034]The load threshold table 23 is a table for managing the load threshold value 
(%) which determines the state of the channel load of self-AP A , as shown in drawing 
4. 

[0035]The AP definition table 24 is a table for managing the MAC Address of AP 
near the self-AP A soon, as shown in drawing 5. Neighborhood AP managed with this 
neighborhood AP definition table 24 is one or more AP installed near the self - AP A , 
and is AP which has a cell of self-AP A , and a lapping cell. This neighborhood AP is 
set up in consideration of AP arrangement topology and an electromagnetic-wave- 
propagation situation. 

[0036]The value managed by the transmission power value table 21, the load 
threshold table 23, and the contiguity AP definition table 24 can be inputted using 
the setting terminal 2, and inputs data into each tables 21, 23, and 24 before start 
up of AP A . 

[0037]Then, the characterizing portion of this embodiment is explained still in detail. 
Roughly divide the characteristic function of this embodiment and The judgment of 
the loaded condition of (1) self-AP A , (2) Since it is three, change of correlation of 
the terminal based on the judged load information, and change [ of the transmission 
power of (3) self-AP A and self-AP A based on the loaded condition of neighborhood 
AP ] **, below, divide and explain these features. 

[0038](D In the judgment load measurement part 19 of the loaded condition of self- 
AP A . The load value of self-AP A is measured by adopting individually the rate of 
channel busy, the terminal number which self-AP A associates, the CPU activity ratio 
of AP A , etc., or adopting combining these. In the main control part 1 0, the loaded 
condition of self-AP A is judged based on the load measurement value measured in 
the load measurement part 19. This judgment method is tested by comparison to the 



load threshold table 23 showing the load measurement value measured in the load 
measurement part 19 in drawing 4, four load threshold values (L HtoL , L LtoH , and L EtoH .) 
One is chosen from L HtoE and it is judged whether it is in which state in three loaded 
condition (low loading, a heavy load, very heavy load) based on the change state 
concept of the loaded condition of AP which shows this selected load threshold 
value in drawing 6. The load threshold value shown in drawing 4 is an example, and is 
not limited to this. 

[0039]It is necessary to set up the load threshold value shown in drawing 4 change 
in hysteresis to loaded condition. It sets up in this way because the following 
problems will arise, if the loaded condition of AP A changes frequently at a short 
interval. Namely, in the AP A side, the below-mentioned correlation processing and 
transmission power control by the main control part 10 are performed frequently, 
cause the increase in processing of AP A , and in the terminal alpha side. By switching 
AP frequently, it is the problem that a communicative overhead increases and a 
channel load increases. 

[0040]The self loaded condition which judged [ above-mentioned ] to all the 
neighborhood AP via external-interface 20 and cable LAN2 by the main control part 
10 whenever the loaded condition of self-AP A changed is notified. The notice of 
loaded condition of neighborhood AP conversely notified via cable LAN2 soon from 
AP whenever the loaded condition of AP changed soon is received. 
[0041](2) Based on the loaded condition of self-AP A which judged [ above- 
mentioned ], the change main control part 10 of correlation of the terminal based on 
the judged loaded condition determines correlation with a terminal, as shown in 
drawing 7. For example, when self-AP A is low loading, the demand (transmission 
permission demand) of the new correlation from a terminal is permitted, and 
correlation with the terminal which is already associated and is carried out is 
maintained. When self-AP A is a heavy load, the demand of the new correlation from 
a terminal is refused, but the correlation with the terminal which is already 
associated and is carried out is maintained. When self-AP A is a heavy load very 
much, the demand of the new correlation from a terminal is refused, and forced 
release of the correlation with the terminal which is already associated and is 
carried out is carried out. 

[0042]It controls to set and cut one every predetermined time interval (t trans ) from a 
terminal with small received power preferentially about the forced release of 
correlation with reference to the received power value table 22 shown in drawing 3. 
Since this will cut in order (order far from AP A ) with the position of a terminal near 
the peripheral edge part of a cell, correlation can be cut being easy to generate, 
hiding near the AP A , and suppressing the possibility of an appearance of a terminal 
low. However, a cutting order foreword may get mixed up by movement of an 
electromagnetic-wave-propagation situation and a terminal. 

[0043]The above-mentioned predetermined time interval (t trans ) and when it gets it 
blocked and the loaded condition of self-AP A changes with correlation cutting of a 



terminal about the cutting interval of correlation, it sets up so that time until it 
changes to the reduced new load steady-state value may be secured. 
[0044](3) The change transmission power control section 16 of the transmission 
power of self-AP A and self-AP A based on the loaded condition of neighborhood AP, 
According to directions (Boost level/usually level) of the transmission power level 
from the main control part 10 shown in drawing 8 whenever the loaded condition of 
self-AP A or neighborhood AP changes, A transmission power value (mW) is changed 
based on the power value (value [ of a Boost level ]/usually value of a level) 
managed on the transmission power table 21 shown in drawing 2. That is, the 
transmission power control section 1 6 is controlled based on the self above- 
mentioned loaded condition and the loaded condition of the received neighborhood 
to make the transmission power of self-AP A usually change into one of a level and 
the Boost levels (usually electric power of the electric power <Boost level of a level) 
to be shown in drawing 8. By drawing 7, here the difference from above-mentioned 
drawing 7 to making correlation with a terminal change only based on the loaded 
condition of self-AP A in drawing 8. As shown in drawing 8 which is the point of 
making the transmission power level of self-AP A controlling based on the loaded 
condition of both self-AP A and neighborhood AP, When self-AP A is a heavy load very 
much, even if AP is a heavy load very much soon, AP A will maintain a transmission 
power level regardless of [ soon ] the loaded condition of AP with the usual level. On 
the other hand, AP is a heavy load very much soon, and when self-AP A is low 
loading, load sharing is performed as the wireless LAN system 1 whole including 
self-AP A and neighborhood AP, and AP A raises a transmission power level to a 
Boost level, and will assist AP soon. 

[0045]It sets up so that it may hide and an electric wave may arrive by sufficient 
intensity for a terminal, but the Boost level needs to set up transmission power 
become a range in which the electric wave of the same frequency band does not 
interfere in consideration of the radio wave interference between AP by the 
increase in transmission power located in the cell of AP soon. 

[0046]Then, operation of the wireless LAN system 1 concerning this embodiment is 
explained. Here, as each AP showed drawing 9 (a), as shown in drawing 9 (b), AP A 
was from the case of a low loading state in the heavy load state (or heavy load 
state) very much, but AP will explain soon the case where it is still a low loading 
state. In the wireless LAN system 1 with which drawing 9 (a) consists of AP A and 
neighborhood AP (AP B , AP C , AP D , AP E , AP F , AP G ), The case where the terminal alpha, 
the terminal beta, and the terminal gamma exist in the cell of AP A is shown. The 
solid line arrow between AP A and the terminal beta shows the state (state of 
synchronizing) where already relate and it is carrying out. That is, at this time, 
correlation of AP A , the terminal alpha, and the terminal gamma is not performed. 
[0047]substantial in the terminals alpha and gamma, when the channel load of AP A 
increases, as a result of the terminal's beta performing [ the state which shows in 
drawing 8 (a) ] a lot of data communications — it hides and will be in the state of a 



terminal. In this case, the load value of self-AP A is measured in the load 
measurement part 19 of AP A . In the main control part 10, the loaded condition of 
self-AP A is judged based on the load measurement value measured in the load 
measurement part 19. Here, it has judged with it having been in the heavy load state. 
[0048]Next, based on the loaded condition of self-AP A which judged [ above- 
mentioned ], the main control part 10 determines correlation with the terminal beta, 
as shown in drawing 7. Based on this determination, the main control part 10 
performs correlation. Here, since it is a heavy load state, the main control part 10 
maintains correlation with the already associated terminal beta, although the demand 
of the new correlation from the terminal alpha and the terminal gamma is refused. 
[0049]On the other hand, since loaded condition of self-AP A has changed from a low 
loading state to a heavy load state, the main control part 10 notifies loaded 
condition of self-AP A to all the neighborhood AP via external-interface 20 and cable 
LAN2. This will receive a notice from AP A by AP soon. 

[0050]Next, in each neighborhood AP, a transmission power value (mW) is changed 
based on a power value (value [ of a Boost level ]/usually value of a level) stored in 
each transmission power table 21 shown in drawing 2 according to directions (Boost 
level/usually level) from each main control part 10 shown in drawing 8. Here, each 
neighborhood AP is in a low loading state, and since AP A as neighborhood AP seen 
from AP B etc. soon is a heavy load state, it raises transmission power in each 
neighborhood AP, and changes it into a Boost level by it. Drawing 9 (b) shows the 
state where a cell of each neighborhood AP became large, as a result of changing 
into a Boost level by each neighborhood AP in this way. Thereby, even if the 
terminal alpha cannot perform correlation with AP A , it can perform correlation with 
AP E or AP D by searching for new connection destination AP. Even if the terminal 
gamma similarly cannot perform correlation with AP A , it can perform correlation with 
AP C by searching for new connection destination AP. 

[0051] According to this embodiment, as explained above, it hides, and since the 
terminals alpha and gamma as a terminal will be able to communicate with AP soon, 
they can hide and can solve the problem of a terminal. And AP usually uses the 
transmission power level as the level, and since it raises to a Boost level only when 
assisting communication of AP A , it will be able to stop the transmission power of 
each AP as much as possible soon. 

[0052]Mapping of transmission power according to mapping of correlation processing 
according to the loaded condition of drawing 7 and the loaded condition of drawing 8 
is customizable according to an employment policy. For example, as shown in 
drawing 10, it adds "it being a low loading state very much" as loaded condition 
(simultaneously). [ whose load is still lower than a low loading state ] It is also 
possible a Save level and to usually set up a level and a Boost level as an output 
level which adds a corresponding load threshold value and also changes mapping of 
correlation processing. Self-AP A is able to set up a "Save level" usually lower than a 
level very much, only paying attention to the loaded condition of self-AP A , at the 



time of a heavy load, as shown in drawing 11. Thus, according to an employment 
policy, fine load sharing control point setting becomes possible by customization of 
mapping of correlation processing according to loaded condition, and mapping of a 
transmission output level according to loaded condition. However, in consideration of 
a signal to noise ratio falling due to lowering of electric power, communication quality 
needs to set up a "Save level" within limits kept good. 

[0053]By subdivision of above loaded condition and transmission outputs, operation 
of wireless LAN system 1' as shown below is attained. 

[0054] Here, as each AP showed drawing 12 (a), as shown in drawing 12 (b), AP A was 
from the case of a low loading state in the heavy load state very much, but AP will 
explain soon the case where it is still a low loading state. In wireless LAN system 1' 
which consists of AP A and neighborhood AP, drawing 12 (a) shows the case where 
the terminal alpha, the terminal beta, and the terminal gamma exist in the cell of AP A . 
The solid line arrow between AP A and the terminal beta shows the state (state of 
synchronizing) where already relate and it is carrying out. That is, at this time, 
correlation of AP A , the terminal alpha, and the terminal gamma is not performed. 
[0055]If a channel load of AP A increases dramatically in the state which shows in 
drawing 12 (a) as a result of the terminal's beta performing a lot of data 
communications, as shown in drawing 10, in order that AP A may refuse new 
correlation of the terminals alpha and gamma, it hides and the terminals alpha and 
gamma will be in the substantial state of being a terminal. And as shown in drawing 
10, AP A cuts correlation with the already associated terminal beta. However, as 
shown in drawing 1 1 , self-AP A lowers transmission power to a Save level, and AP will 
raise transmission power to a Boost level soon, thus, wireless LAN system 1 ' — by 
performing load sharing as a whole, As shown in drawing 12 (b), AP D or AP E , and 
communication of the terminal alpha are attained, AP F and AP G , and communication 
of the terminal beta are attained, and AP B , AP C or AP D , and communication of the 
terminal gamma are attained. 

[0056]As explained above, it is possible to protect self-AP A , even when it is in the 
pole heavy load state which must cut correlation with the terminal beta which self- 
AP A already associated and was carrying out when even a Save level subdivided 
transmission power. 

[0057]In the above-mentioned embodiment, when AP becomes a heavy load soon, it 
shall have directivity for the antenna 12 of AP A , and may control to make a 
transmission output increase only in the direction of AP soon. Radio wave 
interference with neighborhood AP at the time of little power consumption being 
able to perform load sharing by this, and making an output increase can be 
suppressed few. What is necessary is to add azimuth information to AP definition 
table to each neighborhood AP soon, and just to perform transmission power control 
for every directional antenna, in order to realize this combined system. 
[0058]It is not necessary to amend or change the method of the correlation in the 
above-mentioned embodiment by adding the function to change a communication 



rate with each terminal according to the load of self-AP A , to invention concerning 
the above-mentioned embodiment. 

[0059]The memory work of the program (p) to the program store part 1 1 in the 
above-mentioned embodiment can also be carried out by using recording media, 
such as CD-ROM on which the program (p) is recorded. 
[0060] 

[Effect of the Invention]By according to this invention, two or more AP's 
transmitting and receiving self loaded condition mutually, grasping it, and controlling 
transmission power based on the loaded condition of self-AP, and the loaded 
condition of neighborhood AP, as explained above, It is controllable that AP will raise 
a transmission output soon that communication of AP should be assisted soon when 
self-AP is in a low loading state in a heavy load state etc. thus, substantial by 
performing load sharing as the whole wireless LAN system — " — it can hide and 
the problem of terminal" can be solved. And the transmission power of each AP can 
also be stopped as much as possible by controlling transmission power, such as 
raising, only when AP will usually use the transmission power level as the level soon 
and communication of AP A is assisted. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]The figure showing the entire configuration of the wireless LAN system 1 
concerning one embodiment of this invention. 

[Drawing 2]The key map of the transmission power value table 21 of this invention. 
[Drawing 3]The key map of the received power value table 22 of this invention. 
[Drawing 4]The key map of the load threshold table 23 of this invention. 
[Drawing 5]The key map of the neighborhood AP definition table 24 of this invention. 
[Drawing 6]The key map showing the change state of the loaded condition of AP. 



[Drawing 7]The key map showing processing of correlation with the terminal 
according to the loaded condition of self-AP concerning an embodiment. 
[Drawing 8]The key map showing the transmission power level of self-AP according 
to the loaded condition of self-AP concerning an embodiment, and neighborhood AP. 
[Drawing 9]It is a figure in which (a) to AP A having been in the heavy load state (or 
heavy load state) very much when each AP was in a low loading state, but showing 
the size (the range of a communications area) of the cell of (b) when AP is still a low 
loading state soon. 

[Drawing 10]The key map showing processing of correlation with the terminal 
according to the loaded condition of self-AP concerning other embodiments. 
[Drawing 11]The key map showing the transmission power level of self-AP according 
to the loaded condition of self-AP concerning other embodiments, and neighborhood 
AP. 

[Drawing 12]It is a figure in which (a) to AP A having been in the heavy load state 
very much when each AP was in a low loading state, but showing the size (the range 
of a communications area) of the cell of (b) when AP is still a low loading state soon. 
[Drawing 13]The figure showing the size (the range of a communications area) of the 
cell of each AP in the conventional wireless LAN system. 

[Drawing 14]The figure showing the size (the range of a communications area) of the 
cell of each AP in the conventional wireless LAN system. 
[Explanations of letters or numerals] 

1 Wireless LAN system 

2 Cable LAN 

3 Setting terminal 

10 Main control part 

1 1 Program store part 

1 2 Antenna 

1 3 Switch 

14 Transmission section 

15 Receive section 

1 6 Transmission power control section 

1 7 Transmitting and receiving controller 

18 Received power measuring part 

1 9 Load measurement part 

20 External interface 

21 Transmission power value table 

22 Received power value table 

23 Load threshold table 

24 Neighborhood AP definition table 

(p) Program (program for wireless LAN systems) 
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(43)Date of publication of application : 29.0S.2003 

(51)Int.C!. H04L 12/28 

(21 /Application number : 2002-040457 (71 Applicant. : NTT COMWARE CORP 

(22)Date of filing: 1802.2002 (72)lnventor : MINOKOSHI RYOTA 

(54) CONNECTION EQUIPMENT FOR WIRELESS LAN SYSTEM, CONNECTION METHOD FOR 
WIRELESS LAN, PROGRAM FOR WIRELESS LAN. AND RECORDING MEDIUM FOR WIRELESS LAN 
SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: Tc solve the hidden terminal 
problem and reduce to the utmost consumption power of an 
access point (AP; connection equipment.) for a wireless LAN 
system performing wireless communication with a terminal, by 
relating the AP of interest to the terminal located in a ceil 
(communication area) determined by the transmission power. 
SOLUTION: By grasping the loads of a plurality of APs by 
mutually transmitting/ receiving the loads through a wired LAN 
2, and controlling transmission power to a terminal based on the 
load conditions of the APA and its neighboring AP, the APA is 
controlled to increase the transmission power output, etc.. when 
the neighboring AP is in a high load condition and the APA is in a 
low load condition, so as to assist the communication performed 
by the neighboring AP. As such, by sharing the loads in the 
overall wireless LAN system, it becomes possible to solve the hidden terminal problem virtually. 
Moreover, it becomes possible to suppress the transmission power of each AP by controlling the 
transmission power of the neighboring AP in such a way as increasing the power only when assisting 
the communication of the APA, while generally maintaining the transmission power in a normal 
condition. 
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£ . iufEIMtf Z&S^KK: J; T&SLfcRiatf 

ff-rswa^tf^i. ^iiLAN^^fAiii 

S^tc«?ii-SCi^#i6iT4«aSLAN>'XrA 

[0 0 2 4] tmm 1 5 CC^S^HB. lulEM^S 

1- £ if£(c B . h OSfSfj^ § I >1sfrt>Wi 

tC^K-TSdi^ittai-r^rtJjtlil 4KIEiS©«L 
AN^fAi7"0^7At*$,|,„ 
[0 0 2 5] fl^Il 1 6 (CffiSSSIHB, If 1 1 
1 5©^J>&< i^-SKIEiSOia^LANvXrA^y 
a i'' 7 A^rlEli L-/c C i %W<($k t ti>MU LANVXt 
AffiJg^SgT'iS^m 0 BjUB&flSfflL A N f AffifE 

[0 02 6 ] CCZ\ *»lJ|K*5tf 5 rgEiS^ftj £ 

1-4 c £ *s-c* n««t < , f«a*«f*©®aw#tt^w 
ffl l- r i© j; ^ i-jmt h frmcommteum-fj-mc b 

ftl?L-^^„ WAB, FD, CD-ROM (R, R 
W) , DVD-ROM (RAM, R, RW) . MO, M 

[0027] 

[0 0 2 8] 0 1 B, *»M^J(Cff SttSL ANi^^ 
fAKO^Wte^fiTAS. BlK^Ti^K, 
IttLAN^fAlB, WI«LAN2^/M,raffD[ 
fiB&ffiRgE£t/r©AP* Hfe^'icMiA P (AP 
B ^) £, SAPi«Sl8LAN**iJfflOTMmiIt6&3 
>t*^-3r«* (CCTB, ffi* a) (Cj;f3«m§tir 
US. ft. APO«(SB^Tl3ID'r*Sfc«f). fetTTB 

A P a ©«^^tS 0 Sfc, *HM5^l(cfc^r 

b, a p a mt*a tmmmmm&ico^mw 

[0029] AP A B, d©AP A ^©fMffll^fT'Si 
P»(CPU) lOi, C©^M«£§#)fcAP A 
^f*©ttff 70 i>'"7 A (p)^IB«§ tiro 5 7 

O^^AfBttSPl l?rffx.TOS 0 C©7"ni'7A( P ) 

b. apa fc^a-rsn^ (ffiffl) ^^iT^-esfcfe© 

7a«At*5. 
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[0 0 3 0] Sfc, AP A B, S*a£ft£fUIfrf -5/c 
ft©r>ftl2i, C©T>ri- 1 2lcm$k$titcX 
■iv^ 1 3 ifttc, C©;W 1 3©flJ9& 

Ate j: 9 s?g*i*irr ssmas i 4acm?fi%s#r« 

SffgPl 5£ffi*.Tt>5. MK. A P a B, stffSRl 4 
*fc. APa B, gftSBl 4©jlfiH;b£SlJ 

ffl-r s jiff »3 1 6 £fi a rfc o , MK^ffm^j 
tow 1 6 tt^wra i o tc&- 3 xww&mztiz. 

HJC, AP A B, SffgUl 5TSf Lfc^$?©^j£ff 10 
iiJT5^{f1l^!f»l 8«itt^„ ifc. APa 

b, ±swan o-cma©3o©^(Hftt^^K-r-sfc 

IK, AP A B, i$IJ»l 0i?fg|3©^jE 
3 S^'WS L A N 2 £Jggf 4 fc&Ofl-as ^ > £ - 

[0 0 3 1] ifc, APa KB. 31fiS^fflr-^';V2 
1 , Sfta^tt^-^2 2, ©MHffi7 i -^2 3 , 
&y«}g A P g»r - 2 4 ^fflg 3 tor l » 4 . 

[0 0 3 2] £©*>%, aftm^fi7-"7'Jl/2 1 H, H 20 

■cfe 13 , mm mtimm^ 1 6 -egft m 1 4 ©aai*tj* 

[0 0 3 3] gfc, gffm^ilf— :/A<2 2 B, 03 tC 
^ti^K, &iSS©^MAC7 KlxXftKRSS I 
4£Sf 4 fcftO^ - ^ t?* 13 , SftttfctHWW 1 8 

vm^ntcm^m (mm) zw&tz. sits 

^Itffl'JSB 1 8 B, I2AP A fcMJittW en/ci^fttc 
*fcffl*Hi!lU iffi*i©affWt>n.5fcOTc, c© 
JSSOi^ h Vim^tifelZfeML, KtciS*©x>h 30 
y^£,£i©£Bffi£MSff£„ 

[0 0 3 4] £fc, ^Hfflr-^'Jl'2 3B, S4(C^ 

nmrnm (%) *«irsfca)o^-^ji't?**. 

[0 0 3 5] tfc. fiffAP^ftr- -7^2 4B. 115 
iC^fi:5CC, aSAP* OififiSOAPOMACTFU 

7— -^2 AVW&LX^Z&m APB, iBAP A © 
£§®13tifc 1 -5Hi©APt*-)t, IBAPa 
©feJb£fi&SfeJl-£#rSAPT , *£. C©j£f§AP 40 
B. APieghtfny- «SfiJfttffi^#^LT^ 

f & 0 

[ o o 3 6 ] ^ mmmfimr-fw 1 , wsruffir 

-^2 3, &!?PJgAP£*^- ^2 4KgB!3ti 
T t, > 5 ffiB , ISSeKS 2 * fflffl L T ^ C 4 tm& 
t**"), §f-^V2 1, 23, 2 4KBAP 4 fiS6» 

[0 0 3 7] #|&il^»©#a^*Kfc#IBI 

( 1 ) gEA Pa OtfttlO^jf, ( 2 ) flS 50 



LfcAlwff «{cS-3^fcJS*OMaff WO^H> ( 3 ) 
a B A P A ififf A P ©*#K«ltcS-^fc a BA P a 
©5*ff^J©^H, ©3TC$.5fc6 1 J^TrBCn^ 

[0038] ( i ) a ba Pa (onmxmmm 
AWiti'jgpi 9ta, ^ + isap» *s 

IMWtS^a, APa OCPUffiffl^J&i'^fflJSJ 

eu< Bcn^^ft^b-erffffl-rs 
tittj^raBAPA ©AStt^ifsj-rs. sfc. ± 
SiJ«i o-cb. Miffflffjgn 9 -ctf S'J b fc Aiwif ffjfi 

Ka-5t»-c. a bap a ©*M*ag£«e-f5. c©« 

Se^SB. A^ffilJgn 9^lffJLfcASIf?IJtt^04 
K^-r^ffiHtff— ^;i-2 3KH86L»^b'S'r. 4o© 
«#Mfi (L» t . L> L Lt0N , L E t „ H . L Hl . e ) ©tfufcfc 
-ofcSJRU COa^Lfc^ffiHffl^Hecc^fAP 

PIN I I ?t ,f| I 1 V «. - . 'RnI - 

<«ft«. tifttif. tlHftw) ©^©<^fti©^pJrc* 
b, -wc&^-c, enccpss-r sk©-c«&t,>. 

[0 0 3 9] Sfc, H4(C^fj*#lifiB, ^HfWIRK 
it l x t x f y v- x tc m&t 6 £ *> icg:^ L X te < ^ 
COi^KtWEfSOtt. APa O^IBPKffi 

bp%, a p a fj-cB, ifwimasi otcj; 

ap a ©te«fft(in*3[*igeu BHcaflW-rB. ap© 

*«B fll l> . ? + * Jl* A Wtttlt 5 i l» 5 M«t? * 5 . 
[0 04 0] ^ fc s 1 0 \CX K) , a BA P A © 

2 fctf - 0 rffl^p 3 n/c£ff a p ©A^tt«sa^^sft-r 

So 

[0 04 1] ( 2 ) flSLfc^^tti^cS^'^/cS*© 
i»g|31 0B, ±fBflSLfcaBAP A ©AWttffiCC 
«x.B, aBA P A *%H(t©ii^(CB, 

sec, K(cMa#w Lrc^s*i©waffw^»-r 

*fc. aBA Pa ^K*#©^(CB, S*^6© 

&mxt<Dmmimimrz>. hk, a b a p a 

^*#©«^CCB, S»^©ifW«flW©S*^fE 

[0 04 2] £fc. HatffWO^JWSfKML-Ctt. 0 

3 £C^-rSfiH^far-"^;V 2 2 S#ML, Sff 
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tran5 ) ^*s^r^jwfrsj:5tc*ip'rs. cntcj; 
9, ffisotta^-feji-ojaaaBKisiije (ap a #>eji 

l- s ^unsssowja© "itBtt * fi < Mix. & ^ b mm 

5. 

[0 04 3ia ±IB0r£Ol^raraH ( t tr .„, ) . o 

a^, Ma^wo^WfraPBKo^-rB. io 

[0 044] (3) gBAP A ififAP©MKIK 
S-^fcgBAP* ©sHiHA©lEJE 
Sff SA$[J« 1 6 g BA P A XBjfiflS A P ©it# 
ttl^il^-f 08K^f±$II«l 0^6©j* 

ftm^lU^^©^ ( Boost b^b/a^U^) 

B (BoostU^JbOffi/a^U-^bOffi) Kl"5^tg 20 
ffS^ffl (mf) *SCft3-I**. Wfe. ^iH^UftPiB 
16B, ±iBgB©f^JB£3^L^#©£ffiK» 

^ (afru^;b©m^<Boostu^jb©m^) ©£"£ 
6McgBAP A ©j£^*#4£K3tf4«fc5KfWliip-r 
•5. CC-C, ±!S07£©S^B, 07TB. gBAP 

^©tCjCfLT, §BAP A ijfiffAP©^ 

^©ft^tt?JKS^^-cg ba p a ommmt) u-</t^ 

flW8P3#S*-C4)S. WAtf, BSfc^TJ^tc. gB 30 

a p a #sffiBmisr©»&fc b , fc t x. a p t>mmn 

A Pa BMfAP©^1W««JiB«« 

cc . mia u ^ £ a^© u ^ ^© a a f c twsr « c 
<tfc&s. £ff AP«Kftiwr*or, gBA 

Pa *HSft#©^tcB, gBAP A tfifAP^ 
fcfigS L A N 1/ X r A 1 ^f* £ b T * W^ifc £tf t, \ A 
Pa Bilff «ft u^;b^Boostu^;Kc _Bf rfif^A p 

[0 04 5] 1^, Boost b-^-ibB. :fi^AP©-fe;H*gtc 

ttB-r sunJgstc+^&gstK^siSj&jja < j: -5 toa^ 40 
am a^©ii»K is a pp a i©miST*^#s 

t c jiff H A 4^5^**5. 

[0046] tn,>r. ^mmmim&muLANisx 
^i©»mc-x>-riW!B-rs. ft, cc-cb, sap 

£50 9 ( a ) fc^T «fc 5 fCffig^WUOJ*^* 6,09 

(b) K^fi^K. apa wm&&mm mmn 

SJ^jCo^TttWrS. 09 (a) B, AP A ®£«£ 
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P B ) i^aSMLAN^XfAlKfeUt, APa 
£^LTl>4. ft, AP A iSlfctflfflOjgSl&EITB. 6£ 
S„ SP*3, CC^TB. APa £ffi*a, S*r©M 

atftfBfrbftr^&u 

[ 0 0 4 7 ] 0 8 ( a ) tc^f t£jffiT\ S*/3^AS© 

ir-faff^ffofcen. ap a (D^^^nnmm 

*Zt. Si* a. rB^HW&Etnffi*©^iii&^ 0 
t©if£{c*Jl>-C. APa ©Jl^ftiUSn 9-CBSBA 

Pa ©ji(Hffa^itffl'j-r^ n a/c. ami o-ub, ji 
mmm 1 9 -cn-aj l fcji^ttt jfSKs^i ^ r , s b a 
Pa ©Jtm#i£ffiE-f5 0 cc-cb, ^*#tt«itc& 

[0 0481 WC 3E$IJ« 1 0 B, JJBffiELfcgB 
AP» ©tMIKI^^T, H7fcjjVrj:5fc. 
i3£ ©l WNt c©*fci:ccJ£-Ju-c. iihhj 

wiob, mmmzmti-tz, cc-cb, 

©»f»affw©S3j<^m5f 5 *>, KKMaww 6 ti 

i ©waff » mm 5 . 
[0049]-^ iBA Pa o%mmmmM\tm 

ra^>$-"7i-X20S^LAN24/rlt 1 
iTCMAPK^L, iBA P A ©*#tt«J4M^p-r 
Z>„ CtlKiO. MAPtB, AP A !6>60ii3ED*S 

[0 05 0 ] ^tC, SifilfAPTB, 08K/^-r^tl^ 
^©±i|IJ«l 0^6©^ ( Boost U^/M^U-^ 

tcffit\ 02ic^-r^n^ti©^{fm^r-7';b2 

i icm''ic?ti/i',[ijj{irt ( bcx)si \y^)vom/mm\y^ 

(DM) tcaoc^t, iiffmAtt (mf) £^<ft5-££„ 
CCTB, SjfifiSAPBfi^tfc«-C*»3, £f§AP B 
f*6IfcjS»A P i L-r ©A P A Bift&#f#§-e* 5 
fcfe. &£fAPT'B, £ftm#£±tf-C Boost U^;b 
{C^S-r^„ 0 9 (b) B, COJc^KftjfifiSAP'CBo 
ostU^;l/?c^MLfcfeH, SfifSA P©42;b^A# < 
&ofcttSS*^L-ci>*. ctiKJitg, SSaB, AP 
a iM»^W ; &tf5Ci^t:^^<rfe. »1JS^A 
P^Mt^CiKJ;! AP E XBAPd tV&fflffi 
ifiSZtiji-CSZ. a/c. S*rB, |hJD<AP a i 

waff w & 5 c i *5 -c & ft < r , mmm% a p * 
»*-r5ciKj;f5, ap c tmmnzfi'yztv-c- 

[0 0 5 1] jy_h|SBJLfcJ;^^, $HJ6J^JSKJ:n 

ff 5 cimsfcft, p,ns*©F B iH4fl?^-rsc i 

36*^*5. L36»*>. i5§APB, S^B)*ff U^;b 

sasu^ncL-cfc*. apa oimmmmzta 
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[0 0 5 2 ]^ h 7 (DnMmicmctcfflmmmm 

©v "j t"> jlffl *° 'J i-— fc^to-BT *^fv^X 

wc*a. ma. 01 oic^fj^ic, nwttft£ 

a v e U^;k M^U^Jk Boost U-^rt^iggrr 
§Ct«T*l). ffc, gBAP A ©*BrW8©# 10 
fC#BLT, gBAP A ^SaA?5fB#Ktt, 01 HC^ 
TJ:5K:, il^U-^Jl^Offi^ TSa ve U^;t/j £R 

So fflL, r S a v e U-<Jbj tt, S^iSTKJ: 0m# 

[0053] w±© j: *> u%mmJknmmti<DMft 20 

[0 0 5 4] CCTB, -S-AP^Hl 2(a) tC^TJ; 

^KffiftiapKfflloW^e. 012 (b) icm?£5 
K, A P a #ffifl»M^K&^fo^ ittftAPttffiJl 

Wi*o**"C*s»^K-3^rsiK-r4. 012 

(a)B, AP A MfifAP*6&l)iILAN^X 
r A 1' tcfc^T, A P A ©-te^fttCiSSa, 
ffi*r^l?4LT^5i«^^Lt:i^ 0 ft, A P A £ 

»fiff*K«) EPt, ccew, AP 

a £ffi*a, S*r©M»ffmS'fTt3tiTt^t\ 
[ 0 0 5 5 ] 0 1 2 ( a ) tC^TWir, S*/3 
©r-^Mff^^fofcS^, A Pa <D=F + *)lfm& 

^(cflsast. 0 1 occ^-r«t5tc > apa«s* 

®W%Mtiffi*©W«si^5 0 Lfrfc. 01Otc^TJ; 

^cc. a Pa imicm&mhtix:^z>i%i3i{3t<Dmm 
ttvtzmmrz. 01 1 k^tj: 5 k. sba 

Pa »j£MS#£SaveU^KTtfS£*K. BfAP 40 
tt^ftm^l^ Boost U^^K±tf C©J: ^tCtej^L 
AN~>XfA 1 ' ^ftiLTft^a^tf SdiCcJ: 
9. 01 2 (b) {t^J^K, S^attAPo X»A 
P E £M{f^£&0, ®^ttAP F XAP G £ilff 

wfgi&o, sstbap, , ap c xbapd tmm 

[0 0 5 6] tt±mnUc£ 5 K, SaveU-^L-ST'^ff 

S^**ffliMfrsc:i(c«t^t: 1 BEAP A awcrai 



[0057] sfc, ±ta^M^tcfc^r, ate ap* 

iftft£5£&ofci§£ic, AP A ©T>r^l 2£J§frtt 
£Wf5fe©£U H«AP©^^^W3*lfE±i*^±i 

Bmtrxrkffiftti&fix.. Sfc. Uttfcifj&iiStffcRg© 

ifif«A P £©1I$B 1 »£^& <»i5£li 3. C 

oa*^btfcK4is , r5fc»K:s. fiff a ps« 

r - zf)Uc&&mA P fc*f LT?jfift«£ttfln b . Jgfa 
ttT>r^tt©3*fiS*f(Jffl?rfTX.«J;l^ 
[0 0 5 8] tfc, ±iaHM^if£{f 52fclBCC*ft,T. 
MicgBAP A ©ftSKtSDr&S*i©Mff 

few a ©#£ jex b^m-t s ^sb % t > . 
[0059] ik, ±ss^mmicis»?,faifv Ata 

tSSP 1 1 A c P )©ta«ff*B, :/u i>*7A 

(p)^ia® sti-c^scD-RO M9©t aiiffif** *w 
■r 4 c £ k ± -3 rff 5 c £ & DjtEr& s 0 

[0 0 6 0] 

as$!©A p^gB©*#tt^?ri:^K^sff b-am 

L, SBA P©A#m^i3fi^A POtfttlKl"1^ 
r. 3Jd«**iW1Wr4J:tKJ:r), 2iAPAi«M 
tt^TiBA P^fg;ft#TO©ii^KB, SfAPOl 
M^ffl8lJ-r-< < j^ffi**±lf 5tSO«I1!iP*tf 5 d i ^ 
t?#4 D £1©J;^(C, MULANisZTA±#tbt'k 

B^ff^U^t^M^U^UCL-tte^ A P a ©jfi 
C£t:\ #AP©3tft«**r#**:W«IiLSC:£fet? 
[0m©ta#^l^] 

[01] (D-mtmmic ssmAN^fi 
1 ©^f«^^T0 D 

[02] *^©^{fm*fBf—-7'.iU2 lOfifc&m, 
[03] *^©Sffm*fBf—-7'.iU2 2©«^0 O 
[04] *^©gffiBSffif— ^;t/2 3©«^0o 
[05 ] *^©jfif«APS»r- -7';U2 4©ffi±0 o 

[06] a p <D%mvm<D'\m.m.^^ b tcm±m» 

[07 ] ^S«^c^4gBAP©*iwtt*Stcj[£;Dfcffi 

[08] HtBK»CC#S i BA P £fi«A P (D%mfM 
tcjtEDfc i B A P ©S{f U^;L-?r^ L fc«^0 o 
[09] #AP«#1j;Ioi|^ ( a ) *>6. AP A 

PB(Ei#W(B©**t?A4t|^ (b) ©-fe;b©A#S 
(iix'JTiDil) ?:^Lfc0 o 
[010] ffi©HM^CC#4iBAP©*#ttSgKtE 
D fcS* £ ©Waff W ©^11* m b fc«^0 = 
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[011] ti&©iSlfe^SK:&4BEAP£jfi«AP©£ 

mmic m c fc i e a p ©mi htj u * ^ t, 

So 

[012] #A P^f£1tMfctt©tg£ ( a ) A P 

a *sffiw^ffi«;si{c % -o itifi. m§A p afi^wtt^© 
&&vi>zt§& (b) ©-fejboAt? (afiiyr©« 

H) ^Lfci= 

[013] t*©fflLANyXfA(Cfc»S#APO 
[0 14] I*©ilLANyXfAKte»5^AP0 

•fejb©At5 (iifiiyroiEH) z^btcm, 

1 MLANvXfA 

2 WIS LAN 

3 ISJEffi* 

1 0 Zfflfflgl * 



* 1 1 




1 2 




1 3 




1 4 




1 5 




1 6 




1 7 




1 8 




1 9 


nmm\m 


20 




2 1 




22 




23 




24 


£§APSEif-^i 



?ll ] 




[03] 
gfi«ftffl?-7jU22(ffll:tffl) 
08-00-cc-lc-05-e5 123 



AP I SMAPMACTKl* I l^i^lSSfcu+IKSSlf* 



08-00-20-1 c-05-e5 



08-00-20-1 c-05-e6 
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Save 


Save 


Save 




as 
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as 
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am 
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division multiple access communication system. The method includes when the pilot signal is transmitted 
by the mobile station that is power controlled to a target receive level, the traffic channel power level is 
increased relative to the pilot channel to improve receiver performance. An improved feature is that the 
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The base station detects the absence of the mobile station transmitted signal from the frequency of 
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[02] 
[S3] 
[04] 

^fK^^S U>MI^I#M^)7n-f^- h7*-7*;b0 o 
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(57) Abstract: There is provided a method of transmitting power control information to a BSC (Base Station Controller) in a BTS 
(Base station Transceiver System) of a mobile communication system. The BTS receives forward power control (FPC) mode infor- 
mation indicating a low power control from the BSC and transmits the FPC mode information to an MS (Mobile Station). Then, the 
BTS extracts a QIB (Quality Indicator Bit) that is a power control command in a frame period from a reverse pilot channel received 
from the MS according to the FPC mode information and determines the status of the QIB. The BTS transmits information requesting 
the BSC to change a threshold for a power control on a forward DCCH (Dedicated Control Channel) based on the determined QIB 
status to the BSC. 
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METHOD OF SUPPORTING POWER CONTROL ON DCCH TN BS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a CDMA (Code Division 
Multiple Access) mobile communication system, and in particular, to an apparatus 
and method for supporting forward and reverse power control on a DCCH 
(Dedicated Control Channel) in a BTS (Base station Transceiver System) and a 
BSC (Base Station Controller). 

2, Description of the R e l ated Ar t 

A discontinuous transmission (DTX) mode refers to a mode in which data 
is transmitted in frames only when transmission data is generated in a wired 
system or a mobile communication system. Data transmission in the DTX mode 
minimizes transmission power and increases the whole system capacity due to the 
decrease of interference with the system. 

The DTX, however, exhibits a problem when a receiver does not know 
whether frames have been transmitted or not because a transmitter transmits 
frames irregularly. That makes it impossible for a BTS to perform a forward 
power control. More specifically, when a receiver in a mobile station (MS) 
cannot make a right judgment about data transmission, it does not rely on decoder 
decision parameters including CRC (Cyclic Redundancy Code) and decoding 
results. Hence, the transmission power of the MS cannot be controlled accurately 
by known methods suitable for a continuous transmission mode. 

Both a DCCH and an SCH (Supplemental Channel) support the DTX 
mode. The DCCH is characterized by data transmission only when transmission 
data is generated in a higher layer, which makes the DCCH suitable as a control 
channel for efficient packet services. The DCCH is supposed to transmit null 
frames for power control during the DTX period. The SCH supports a DTX 
mode in which no data is transmitted in the absence of transmission data. The 
SCH transmits no frames during the DTX period. 
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FIG. 1 is a block diagram of a prior art mobile communication system. 
The mobile communication system is a reference model of 3G IOS 
(Interoperability Specifications) with an MSC (Mobile Switching Center), BSs 
(Base Stations), and a digital air interface between the BSs, which are well known. 

Referring to FIG. 1, an interface Al is defined for signaling and interfaces 
A2 and A5 (exclusively for circuit data) are defined for user traffic between an 
MSC 20 and a BSC 32. An interface A3 is defined to connect a target BS 40 to 
an SDU (Frame Selection /Distribution Unit Function) 34 of a source BS 30 to 
implement a soft/softer handoff. Signaling messages and user data are 
transmitted between the target BS 40 and the SDU 34 of the source system 30 by 
the interface A3. An interface A7 is defined for signal transmission/reception 
between the target BS 40 and the source BS 30 for inter-BS soft/softer handoff. 

The wired communication lines of this CDMA mobile communication 
system include a forward link directed from the MSC 20 to the BS 30, a reverse 
link directed from the BS 30 to the MSC 20, and a line between the BSs 30 and 40. 
The MSC 20 includes a call control and mobility management block 22 and a 
switching block 24. The MSC 20 is connected to a data network (not shown) 
such as the Internet through an IWF (InterWorking Function) 50. Interfaces A8 
and A9 are defined for user traffic and signaling, respectively between a BS and a 
PCF (Packet Control Function) 60 and interfaces A10 and All are defined for user 
traffic and signaling, respectively, between the PCF 60 and a PDSN (Packet Data 
Serving Node) 70. 

FIG. 2 is a diagram showing a DCCH signal flow between a BTS and a 
BSC (BSC-SDU) in conventional CDMA technology. This operation may occur 
between the BSC 32 (BSC-SDU 34) and a BTS 36 in the source BS 30, or a BSC 
42 and a BTS 44 in the target BS 40. 

With continued reference to FIG. 2, upon detection of a DTX mode, the 
BTS determines the type of a data frame to transmit to the BSC and generates a 
reverse DCCH message in step 11. The reverse DCCH message is supposed to 
be transmitted to the BSC in every predetermined period (e.g. 20ms) in response to 
a reverse DCCH frame received in the predetermined period from an MS (not 
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shown). Step 1 1 will be described later in more detail with reference to FIGS. 3 A 
and 3B. 

In step 12, the BTS transmits the reverse DCCH message to the BSC. 
The reverse DCCH message may contain a data/null/idle/erasure frame. The 
BSC receives and processes the reverse DCCH message and generates a forward 
DCCH message in step 13. Reception of the reverse DCCH message is described 
below in more detail with reference to FIG. 5; processing the reverse DCCH 
message and generation of the forward DCCH message is described below with 
reference to FIGS. 4A and 4B. 

In step 14, the BSC transmits the forward DCCH message to the BTS. 
The forward DCCH message may contain a data/null/idle/erasure frame. The 
BTS performs a forward/reverse power control for the MS based on power control 
information included in the forward DCCH message in step 15. Reception of the 
forward DCCH message is described below in more detail with reference to FIG. 6. 

To summarize the operation shown in FIG. 2, after receiving a data frame 
in every predetermined period (20ms) from the MS, the BTS generates a reverse 
DCCH message in the predetermined period and transmits it to the BSC. The 
BSC processes the reverse DCCH message, generates a forward DCCH message, 
and transmits it to the BTS. Then, the BTS performs a power control for the MS 
based on power control information included in the forward DCCH message. 

FIGS. 3A and 3B are flowcharts illustrating a conventional reverse DCCH 
message transmitting operation. In this operation, the BTS transmits a frame 
received in the predetennined period from the MS as a reverse DCCH message to 
the BSC-SDU. The following description is conducted with the appreciation that 
a reverse DCCH message is constructed in the same format as an FCH 
(Fundamental Channel) message shown in FIGS. 7 and 10, and thus defined as a 
reverse FCH/DCCH message. 

Referring to FIG. 3A, the BTS determines whether it has secured radio 
resources related with the MS and acquired the MS in step 101. If it has not, the 
BTS considers that it tries to synchronize with the MS and sets Frame Content in 
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an IS-2000 reverse DCCH message shown in FIG. 10 to an idle frame to 
synchronize with the BSC-SDU in step 104. Since the BTS is being synchronized 
with the BSC-SDU, it sets power control information in the reverse FCH/DCCH 
message that will be transmitted to the BSC-SDU to values negligible to the BSC- 
SDU in step 106. In step 107, the BTS transmits the IS-2000 reverse FCH/DCCH 
message to the BSC-SDU. 

On the other hand, if the BTS has secured the radio resources related with 
the MS and acquired the MS in step 101, it checks the quality of a frame received 
from the MS in step 102. If the data frame is bad, the BTS sets Frame Content of 
the reverse FCH/DCCH message to an erasure frame in step 104-1. In step 106-1, 
the BTS sets the power control information of the reverse FCH/DCCH message to 
values negligible to the BSC-SDU. The BTS transmits the IS-2000 reverse 
FCH/DCCH message without any data to the BSC-SDU since the received frame 
is bad in step 107-1. Upon recognition of the erasure frame, the BSC-SDU requests 
the MS to increase its transmission power regarding reverse power control. That is, 
since the data frame received from the MS is bad, the BSC-SDU will request the 
MS to transmit a data frame with incremented power. 

If the BTS determines that the received frame is good in step 102, it 
detects a DTX mode during reception of a reverse DCCH frame from the MS by a 
known DTX mode detection method applied to a radio transmission period 
between an MS and a BTS in step 103. If the DTX mode is detected, the BTS 
goes to step 104-3, otherwise, it goes to step 104-2. 

In step 104-2, the BTS sets Frame Content of the reverse FCH/DCCH 
message to a data frame. The BTS checks whether Frame Content of the latest 
forward DCCH frame received from the BSC-SDU indicates a null frame in step 
105 A. If it does not indicate a null frame, the BTS sets information elements 
related with power control according to the DCCH frame received from the MS in 
step 106-2. 

On the contrary, if the latest forward DCCH frame is a null frame, the BTS 
sets power control information in the reverse FCH/DCCH message to be negligible 
to the BSC-SDU in step 106-3. In step 107-2, the BTS transmits the IS-2000 
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reverse FCH/DCCH message with the data of the 20-ms data frame received from 
the MS encapsulated to the BSC-SDU. The data received from the MS is filled in 
Reverse Link Information of the reverse FCH/DCCH message. 

Upon detection of a DTX mode in step 103, the BTS sets Frame Content 
of the reverse FCH/DCCH message to a null frame in step 104-3 in FIG. 3B. In 
step 105B, the BTS checks whether the latest forward DCCH message is a null 
frame. If it is not a null frame, the BTS maintains power control information at 
the DTX mode detected point in the power control information elements of the 
reverse FCH/DCCH message in step 106-4. 

On the other hand, if the latest forward DCCH is a null frame, the BTS 
sets the power control information of the reverse FCH/DCCH message to be 
negligible to the BSC-SDU in step 106-5. Since there is no data in the 20-ms 
frame received from the MS, the BTS transmits the IS-2000 reverse FCH/DCCH 
message without any data to the BSC-SDU in step 107-3. Here, no data is filled 
in Reverse Link Information. 

FIGS. 4A and 4B are flowcharts illustrating a conventional forward DCCH 
message transmitting operation. In this operation, the BSC-SDU transmits a 
forward DCCH message to the BTS in every predetennined period (20ms). It is 
to be noted in the following description that a forward DCCH message is 
constructed in the same format as an FCH shown in FIGS. 7 and 8, and thus 
defined as a forward FCH/DCCH messages. 

Referring to FIG. 4A, the BSC-SDU determines whether it has secured 
forward radio resources related with the MS and acquired the MS in step 201. If 
it has not, the BSC-SDU considers that it is being synchronized with the MS and 
sets Frame Content in an IS-2000 forward FCH/DCCH message of FIG. 8 to an 
idle frame to synchronize with the BTS in step 203. Since the BSC-SDU is being 
synchronized with the BTS, it sets power control information in the forward 
FCH/DCCH message that will be transmitted to the BTS to appropriate values in 
step 206. Here, forward power control information is set to an initial value for 
control of the MS and reverse power control information is set based on power 
control information included in a reverse DCCH message received every 20ms 
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from the BTS. In step 207, the BSC-SDU transmits the forward DCCH message 
with the set power control information to the BTS. Here, no data is loaded in the 
forward DCCH message. 

On the other hand, if the BSC-SDU has secured the radio resources related 
with the MS and acquired the MS in step 201, it checks whether there is data to be 
transmitted to the MS in the BSC or an external network element (e.g., PDSN) in 
step 202. If there is no data to transmit to the MS, the BSC-SDU goes to step 
203-1 and if there exists data to transmit to the MS, it goes to step 203-2. 

In step 203-1, the BSC-SDU sets Frame Content of the forward 
FCH/DCCH message to a null frame. The BSC-SDU checks whether Frame 
Content of the latest reverse DCCH frame received from the BTS indicates one of 
a null frame and an idle frame in step 204A. If it is neither a null frame nor an 
idle frame, the BSC-SDU checks whether Frame Content of the latest reverse 
DCCH message indicates an erasure frame in step 205 A. If it does not indicate 
an erasure frame, the BSC-SDU sets power control information in the forward 
FCH/DCCH message based on power control information included in the reverse 
DCCH message received from the BTS every 20ms in step 206-1 A. Since there 
is no data to transmit to the MS, the BSC-SDU loads no data in the forward 
FCH/DCCH message and transmits it to the BTS in step 207-1. 

If Frame Content of the latest reverse DCCH message indicates an erasure 
frame in step 205 A, the BSC-SDU sets a reverse power control information value 
to indicate power-up on a reverse link in the forward FCH/DCCH message in step 
206-2A. Since there exists no data to transmit to the MS, the BSC-SDU transmits 
the forward FCH/DCCH frame without any data to the BTS in step 207-1. 

If Frame Content of the latest reverse DCCH message indicates one of a 
null frame and an idle frame in step 204A, the BSC-SDU maintains the power 
control information included in the reverse DCCH message received from the BTS 
every 20ms. The power control information is maintained until an erasure frame 
or a data frame is received from the BTS. That is, the BSC-SDU sets the power 
control information value to the previous value in the forward FCH DCCH 
message in step 206-3A. Since there exists no data to transmit to the MS, the 
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BSC-SDU transmits the forward FCH/DCCH frame without any data to the BTS 
in step 207-1. 

If there exists data to transmit to the MS in step 202, the BSC-SDU sets 
Frame Content of the forward FCH/DCCH to a data frame of 9600bps or 14400bps 
in step 203-2 of FIG. 4B. Then, steps 204B to 207-2 are performed in the same 
manner as steps 204A to 206-3A. In step 204B, the BSC-SDU checks whether 
Frame Content of the latest reverse DCCH message is one of a null frame and an 
idle frame. If it is neither a null frame nor an idle frame, the BSC-SDU checks 
whether Frame Content of the latest reverse DCCH message indicates an erasure 
frame in step 205B. If it does not indicate an erasure frame either, it sets the 
power control information in the forward DCCH message based on power control 
information included in the reverse DCCH message received from the BTS in step 
206- IB. Since there is data to transmit to the MS, the BSC-SDU transmits the 
forward FCH/DCCH message with the data to the BTS in step 207-2. 

If the Frame Content of the latest reverse DCCH message indicates an 
erasure frame in step 205B, the BSC-SDU sets the reverse power control 
information value to indicate power-up on the reverse link in the forward DCCH 
message in step 206-2B. Since there is data to transmit to the MS, the BSC-SDU 
transmits the forward FCH/DCCH frame with the data to the BTS in step 207-2. 

If Frame Content of the latest reverse DCCH message indicates one of a 
null frame and an idle frame in step 204B, the BSC-SDU maintains the power 
control information included in the reverse DCCH message received from the BTS 
every 20ms. The power control information is maintained until an erasure frame 
or a data frame is received from the BTS. That is, the BSC-SDU sets the power 
control information of the forward DCCH message to the previous values in step 
206-3B. Since there is data to transmit to the MS, the BSC-SDU transmits the 
forward FCH/DCCH frame with the data to the BTS in step 207-2. 

FIG. 5 is a flowchart iUustrating a conventional reverse DCCH message 
receiving operation. In this operation, the BSC-SDU receives and processes a 
reverse DCCH message in every predeteraiined period (e.g., 20ms) from the BTS. 
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Referring to FIG. 5, the BSC-SDU receives a reverse FCH/DCCH 
message from the BTS every 20ms in step 300. The BSC-SDU determines 
whether Frame Content of the received message indicates an erasure frame in step 

301. If the received frame is an erasure frame, the BSC-SDU goes to step 304, 
otherwise, it goes to step 302. In the case of an erasure frame, it implies that a 
frame received at the BTS from the MS is bad. Therefore, the BSC-SDU 
neglects all information in the received reverse DCCH message and generates a 
forward FCH/DCCH message indicating reverse power-up in step 304. 

If the received reverse DCCH frame is not an erasure frame in step 301, 
the BSC-SDU determines whether Frame Content of the received frame indicates 
an idle frame in step 302. In the case of an idle frame, the BSC-SDU neglects all 
information of the received reverse FCH/DCCH message and generates a forward 
FCH/DCCH message with reverse power control information maintained at an 
initial value, considering that the BTS has not recognized the radio resources 
related with the MS or has not assigned the radio resources in step 304-1. 

If the received reverse FCH/DCCH message is not an idle frame in step 

302, the BSC-SDU determines whether its Frame Content indicates a null frame in 
step 303. In the case of a null frame, the BSC-SDU neglects all information of 
the received reverse FCH/DCCH message and generates a forward DCCH 
message with reverse power control information maintained at a value set just 
before a DTX mode is recognized, considering that a reverse channel between the 
MS and the BTS is in the DTX mode in step 304-2. 

If the reverse FCH/DCCH message is not a null frame in step 303, which 
implies that it is a data frame, the BSC-SDU transmits data included in Reverse 
Link Information of the reverse FCH/DCCH message to a corresponding data 
processing device (not shown) according to the type of the data and generates a 
forward DCCH message with forward/reverse power control information based on 
an analysis of power control information included in the reverse FCH/DCCH 
message in step 304-3. 

FIG. 6 is a flowchart illustrating a conventional forward FCH/DCCH 
message receiving operation. In this operation, the BTS receives and processes a 
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forward FCH/DCCH message in every predetermined period (e.g., 20ms) from the 
BSC-SDU. 

Referring to FIG. 6, the BTS receives a forward FCH/DCCH message 
from the BSC every 20ms in step 400. The BTS determines whether Frame 
Content of the received message indicates an idle frame in step 401. In the case 
of an idle frame, the BTS analyses all information of the received forward 
FCH/DCCH message and transmits reverse/forward power control information set 
in the forward message to a power control processor (not shown) in step 403. 
Here, no frames are transmitted on a forward radio link. 

If the forward FCH/DCCH message is not an idle frame in step 401, the 
BTS determines whether Frame Content of the forward FCH/DCCH message 
indicates a null frame in step 402. In the case of a null frame, the BTS analyses 
all information of the forward FCH/forward DCCH message and transmits 
reverse/forward power control information set in the forward message to the power 
control processor in step 403-1. Here, no frames are transmitted on the forward 
radio link. 

If the forward FCH/DCCH message is not a null frame in step 402, which 
implies that it is a data frame, the BTS analyses all information of the forward 
FCH/DCCH message and transmits reverse/forward power control information set 
in the forward message to the power control processor in step 403-2. Here, data 
included in the channel information of the forward DCCH message is transmitted 
on the forward radio link. 

FIG. 7 illustrates the structure of a message transmitted from the BSC to 
the BTS on a user traffic sub-channel of an FCH. The message is used to 
transmit a forward traffic channel frame directed to the MS. This message can be 
transmitted between a BTS and a BSC in the same BS or between a BTS and a 
BSC in different BSs although the message is differently called according to the 
interfaces. For example, the message is called a forward Abis DCCH message in 
the former case and a forward A3 DCCH message in the latter case. 



FIG. 8 illustrates an example Forward Layer 3 FCH/DCCH Data 
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representing control information for a forward CDMA traffic channel frame and a 
packet directed from an SDU to a target BTS. 

FIG. 9 illustrates a message transmitted from the BTS to the BSC on a user 
traffic sub-channel of an FCH. This message is used for the BTS to transmit a 
reverse traffic channel frame and control information. The message can be 
transmitted between a BTS and a BSC in the same BS or between a BTS and a 
BSC in different BSs although the message is differently called according to the 
interfaces. For example, the message is called a reverse Abis DCCH message in 
the former case and a reverse A3 DCCH message in the latter case. 

FIG. 10 illustrates an example Reverse Layer 3 FCH/DCCH Data 
representing control information for a reverse CDMA traffic channel frame and a 
packet directed from a target BTS to an SDU. 

The above-described conventional method produces the following two 
main disadvantages in a BS. 

1. Unstable forward/reverse power control for a DTX period: Since power 
control information effective at the start point of a DTX mode is maintained for the 
whole DTX period, an effective power control cannot be performed in reality for 
the DTX period. Furthermore, power control information for use in power 
control at the end of the DTX mode reflects no real radio situations, which 
increases an error rate for a radio transmission period; and 

2. Non-supportabihty for slow power control on forward DCCH: One bit 
for slow power control, namely an EIB (Erasure Indicator Bit) for an FCH is 
transmitted in every 20-ms frame in the conventional technology. Because a 
DCCH supports a DTX mode, the EIB for the FCH is not effective in slow power 
control. Therefore, slow forward power control should be performed on the 
DCCH by supporting a QIB (Quality Indicator Bit) that works well in both a DTX 
mode and a non-DTX mode. Here, the EIB is one bit of power control 
information for an FCH in a 20-ms frame and the QIB is one bit of power control 
information for a DCCH in a 20-ms frame. 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide an apparatus 
and method for effectively supporting power control on a forward/reverse DCCH 
for a DTX period in a CDMA mobile communication system. 

It is another object of the present invention to provide an apparatus and 
method for performing slow power control on a DCCH by use of a QIB in a 
CDMA mobile communication system. 

The foregoing and other objects are achieved by a method of supporting 
power control on a DCCH in a BS. According to one aspect of the present 
invention, a BTS receives forward power control (FPC) mode information 
indicating a low power control from the BSC and transmits the FPC mode 
information to an MS. Then, the BTS extracts a QIB that is a power control 
command in a frame period from a reverse pilot channel received from the MS 
according to the FPC mode information and determines the status of the QIB. 
The BTS transmits information requesting the BSC to change a threshold for a 
power control on a forward DCCH based on the determined QIB status to the BSC. 

According to another aspect of the present invention, a BTS detects a DTX 
period by measuring the energy of a DCCH data frame received from an MS, 
determines reception status by measuring the energy of a PCB on a reverse pilot 
channel if the DTX mode is detected, determines FQI (Frame Quality Indicator) 
information according to the determined reception status, and transmits the FQI 
information to a BSC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description when 
taken in conjunction with the accompanying drawings in which: 

FIG. 1 illustrates a 3G IOS reference model of an MSC, BSs, and digital 
air interfaces between the BSs in a prior art mobile communication system; 

FIG. 2 is a diagram illustrating a conventional DCCH signal exchange 
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between a BTS and a BSC; 

FIGS. 3 A and 3B are flowcharts illustrating a prior art reverse DCCH 
message transmission procedure in which the BTS transmits a frame received from 
an MS in every predetermined period as a reverse DCCH message to the BSC- 
SDU; 

FIGS. 4A and 4B are flowcharts illustrating a prior art forward DCCH 
message transmission procedure in which the BSC-SDU transmits a forward 
DCCH message to the BTS in every predetermined period; 

FIG. 5 is a flowchart illustrating a prior art reverse DCCH message 
reception procedure in which the BSC-SDU receives and processes a reverse 
DCCH message from the BTS in the predetermined period; 

FIG. 6 is a flowchart illustrating a prior art forward DCCH message 
reception procedure in which the BTS receives and processes the forward DCCH 
message from the BSC-SDU in the predetermined period; 

FIG. 7 illustrates a forward DCCH data frame directed from the BSC to 
the BTS in the prior art mobile communication system; 

FIG. 8 illustrates the structure of the forward DCCH data frame directed 
form the BSC to the BTS in the prior art mobile communication system; 

FIG. 9 illustrates a reverse DCCH data frame directed from the BTS to the 
BSC in the prior art mobile communication system; 

FIG. 10 illustrates the structure of the reverse DCCH data frame directed 
form the BTS to the BSC in the prior art mobile communication system; 

FIGS. 11A and 1 IB are flowcharts illustrating a reverse DCCH message 
transmission procedure according to the present invention, wherein the BTS 
transmits a frame received in every predetermined period from the MS as a reverse 
DCCH message to the BSC-SDU; 

FIG. 12 illustrates a reverse DCCH data frame directed from the BTS to 
the BSC according to the present invention; 

FIG. 13 illustrates the structure of the reverse DCCH data frame directed 
from the BTS to the BSC according to the present invention; 

FIGS. 14A and 14B are flowcharts illustrating a forward DCCH message 
transmission procedure according to the present invention in which the BSC-SDU 
transmits a forward DCCH message to the BST in every predetermined period; 

FIG. 15 is a flowchart illustrating a reverse DCCH message reception 
procedure according to the present invention in which the BSC-SDU receives and 
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processes a reverse DCCH message from the BST in the predeterrnined period; 

FIG. 16 is a flowchart illustrating a forward DCCH message reception 
procedure according to the present invention in which the BTS receives and 
processes the forward DCCH message from the BSC-SDU in the predetermined 
period; 

FIGS. 17A and 17B are flowcharts illustrating an operation of setting 
QIB/EIB for slow forward power control based on QIB/EIB of a reverse pilot 
channel in the BTS according to the present invention; 

FIG. 18 is a flowchart illustrating a control operation for checking the 
CRC/signaling quality of a reverse frame according to the present invention; 

FIG. 19 is a flowchart illustrating an embodiment of an operation of 
deterrmning a FQI by means of a reverse pilot channel according to the present 
invention; and 

FIG. 20 is a flowchart illustrating another embodiment of the operation of 
determining a FQI by means of a reverse pilot channel according to the present 
invention. 

DETAILED DESCRIPTION OF T HE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described 
hereinbelow with reference to the accompanying drawings. In the following 
description, well-known functions or constructions are not described in detail since 
they would obscure the invention in unnecessary detail. 

The present invention provides a method of supporting a radio channel 
environment in which a large amount of data is processed in a BTS and a BSC of a 
CDMA mobile communication system. Particularly the present invention 
provides a method of supporting forward/reverse power control on a DCCH that is 
used for transmission of high rate data and related signals, power control, and 
MAC transmission in a BTS and a BSC. 

FIGS. 11A and 11B are flowcharts illustrating a reverse DCCH message 
transmission procedure according to the present invention, wherein the BTS 
transmits a frame received in every predetermined period from the MS as a reverse 
DCCH message to the BSC-SDU 
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Referring to FIG. 11A, the BTS determines whether it has secured radio 
resources related with the MS and acquired the MS in step 1001. If it has not, the 
BTS considers that it is being synchronized with the MS and sets Frame Content in 
an IS-2000 reverse FCH/DCCH message shown in FIG. 13 to an idle frame to 
synchronize with the BSC-SDU in step 1004. Since the BTS is being 
synchronized with the BSC-SDU, it sets power control information of the reverse 
FCH/DCCH message that will be transmitted to the BSC-SDU to values negligible 
to the BSC-SDU in step 1006. In step 1007, the BTS transmits the IS-2000 
reverse FCH/DCCH message to the BSC-SDU. 

On the other hand, if the BTS has secured the radio resources related with 
the MS and acquired the MS in step 1001, it checks the quality of a frame received 
from the MS in step 1002. If the data frame is bad, the BTS sets Frame Content 
in the reverse FCH/DCCH message to an erasure frame in step 1004-1. In step 
1006-1, the BTS sets the power control information of the reverse FCH/DCCH 
message to values negligible to the BSC-SDU. Since the received frame is bad, 
the BTS transmits the IS-2000 reverse FCH/DCCH message without any data to 
the BSC-SDU in step 1007-1. Upon recognition of the erasure frame, the BSC- 
SDU will request the MS to transmit a frame with incremented power since the 
frame received from the MS is bad. 

If the BTS determines that the received data frame is good in step 1002, it 
detects a DTX mode during receiving a reverse DCCH frame from the MS by a 
known DTX mode detection method applied to a radio period between an MS and 
a BTS in step 1003. If the DTX mode is detected, the BTS goes to step 1004-3 
and otherwise, it goes to step 1004-2. 

In step 1004-2, the BTS sets Frame Content of the reverse FCH/DCCH 
message to a data frame. The BTS checks whether the latest forward DCCH 
frame received from the BSC-SDU is a null frame in step 1005 A. If it is not a 
null frame, the BTS extracts power control information (PCB or QIB) from a 
reverse pilot channel according to a predetermined forward power control mode 
(FPC_MODE) in step 1006-2. If a fast power control mode is set, the BTS 
extracts a PCB from the reverse pilot channel at 800, 400, or 200bps according to 
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FPC_MODE=000, 001, 010, or 110, performs a fast inner loop forward power 
control, and sets QIB/EIB of the reverse FCH/DCCH message to 0. On the other 
hand, if a slow power control mode is set, the BTS extracts a QIB from the reverse 
pilot channel received from the MS according to FPC_MODE=100 or 101, 
performs a slow power control, and sets QIB/EIB of the reverse FCH/DCCH 
message to the extracted QIB value (see FIG. 13). 

If the latest forward DCCH message is a null frame, which implies that the 
previous forward DCCH frame was transmitted to the MS in the DTX mode, the 
MS generates a power control command with the null frame received from the 
BTS and transmits the power control command on a reverse pilot channel. Here, 
the MS transmits a PCB or QIB to the BTS according to a preset forward power 
control mode. Thus, the BTS extracts the power control information (PCB or 
QIB) from the reverse pilot channel according to FPCMODE in step 1006-3. If 
a fast power control mode is set, i.e., the PCB is received, the BTS extracts a PCB 
from the reverse pilot channel at 800, 400, or 200bps according to 
FPC_MODE=000, 001, 010,1 or 10; performs a fast inner loop forward power 
control; and sets QIB/EIB of the reverse FCH/DCCH message to 0. 

On the other hand, if a slow power control mode is set, i.e., the QIB is 
received, the BTS extracts a QIB from the reverse pilot channel according to 
FPC_MODE=100 or 101; performs a slow power control; and sets QIB/EIB of the 
reverse FCH/DCCH message to the extracted QIB value (see FIG. 13). In step 
1007-2, the BTS transmits the IS-2000 reverse FCH/DCCH frame with the data of 
the 20-ms frame received from the MS encapsulated to the BSC-SDU. 

If the DTX mode is detected in step 1003, the BTS sets Frame Content of 
the reverse FCH/DCCH message to a null frame in step 1004-3 of FIG. 11B. In 
step 1005B, the BTS checks whether the latest forward DCCH message received 
from the BSC-SDU is a null frame. If it is not a null frame, the BTS extracts 
power control information (PCB or QIB) from the reverse pilot channel received 
from the MS according to FPC_MODE in step 1006-4. 

In the case of a PCB, the BTS performs a fast inner loop forward power 
control at 800, 400, or 200bps according to FPC_MODE=000, 001, 010, or 110 
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and sets QIB/EIB of the reverse FCH/DCCH message to 0. On the other hand, in 
the case of a QIB, the BTS performs a slow power control according to 
FPC_MODE=100 or 101 and sets QIB/EIB of the reverse FCH/DCCH message to 
the QIB of the reverse pilot channel. 

An information element related with power control in the reverse DCCH 
message directed to the BSC-SDU, FQI is set to 0 or 1 according to an inner FQI 
decision algorithm (see FIGs. 19 and 20) of the BTS in order to indicate that the 
reverse 20-ms frame is bad or good. The other power control information values 
are set to appropriate values. However, if the latest forward DCCH message is a 
null frame, this implies that the previous DCCH frame was transmitted to the MS 
in the DTX mode. Therefore, the MS generates a power control command based 
on the null frame received from the BS and transmits it on a reverse pilot channel. 
Here, the MS transmits a PCB or a QIB to the BS according to a preset forward 
power control mode. Thus, the BTS extracts die power control information (PCB 
or QIB) from the reverse pilot channel according to FPCJVTODE in step 1006-5. 

In the case of a PCB, the BTS performs a fast inner loop forward power 
control at 800, 400, or 200bps according to FPC _MODE=000, 001, 010, or 110 
and sets QIB/EIB of the reverse FCH/DCCH message to 0. On the other hand, in 
the case of a QIB, the BTS performs a slow power control according to 
FPC_MODE=100 or 101 and sets QIB/EIB of the reverse FCH/DCCH message to 
the QIB of the reverse pilot channel. FQI is set to 0 or 1 according to an inner 
FQI decision algorithm of the BTS in order to indicate that the reverse 20-ms 
frame is bad or good. The other power control information values are set to 
appropriate values. Since there is no data in the 20-ms frame received from the 
MS, the BTS transmits the IS-2000 reverse FCH/DCCH frame without any data to 
the BSC-SDU. Reverse Link Information in the frame has no data. 

FIGS. 14A and 14B are flowcharts illustrating a forward DCCH message 
transmitting operation according to the present invention. In this operation, the 
BSC-SDU transmits a forward DCCH message to the BTS in every predetermined 
period (20ms). 

Referring to FIG. 14A, the BSC-SDU determines whether it has secured 
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forward radio resources related with the MS and acquired the MS in step 2001. If 
it has not, the BSC-SDU considers that it is being synchronized with the MS and 
sets Frame Content of an IS-2000 forward FCH/DCCH message to an idle frame to 
synchronize with the BTS in step 2003. Since the BSC-SDU is being 
synchronized with the BTS, it sets power control information of the forward 
FCH/DCCH message to appropriate values in step 2006. Here, forward power 
control (FPC) information can be set to an initial value for control of the MS and 
reverse power control (RPC) information is set based on power control information 
included in a reverse DCCH message received from the BTS every 20ms. In step 
2007, the BSC-SDU transmits the forward DCCH message with the set power 
control information to the BTS. Here, no data is loaded in the forward DCCH 
message. 

On the other hand, if the BSC-SDU has secured the radio resources related 
with the MS and acquired the MS in step 2001, it checks whether there is data to 
be transmitted to the MS in the BSC or an external network element (e.g., PDSN) 
in step 2002. If there is no data to transmit to the MS, the BSC-SDU goes to step 
2003-1 and if there exists data to transmit to the MS, it goes to step 2003-2 of FIG. 
14B. 

In step 2003-1, the BSC-SDU sets Frame Content of the forward 
FCH/DCCH message to a null frame. The BSC-SDU checks whether Frame 
Content of the latest reverse DCCH frame received from the BTS indicates one of 
a null frame and an idle frame in step 2004A. If it is neither a null frame nor an 
idle frame, the BSC-SDU checks whether Frame Content of the latest reverse 
DCCH message indicates an erasure frame in step 2005A. If it does not indicate 
an erasure frame either, the BSC-SDU sets power control information in the 
forward FCH/DCCH message shown in FIG. 8 based on power control 
information included in the reverse DCCH message received from the BTS every 
20ms in step 2006-1A. Since there is no data to transmit to the MS, the BSC- 
SDU loads no data in the forward FCH/DCCH message and transmits it to the BTS 
in step 2007-1. 

If the Frame Content of the latest reverse DCCH message indicates an 
erasure frame in step 2005 A, the BSC-SDU sets reverse power control information 
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to indicate power-up on the reverse link in the forward FCH/DCCH message in 
step 2006-2A. The erasure frame indicates that the frame received from the MS 
is bad. Since there exists no data to transmit to the MS, the BSC-SDU transmits 
the forward FCH/DCCH frame without any data to the BTS in step 2007-1. 

If Frame Content of the latest reverse DCCH message indicates a null 
frame in step 2004A, the BSC-SDU refers to power control information (FQI, 
Reverse Link Quality, QIB, and FPC:SNR) included in the reverse DCCH message 
received from the BTS every 20ms in step 2006-3A. Since the reverse DCCH is 
in a DTX mode, the BSC-SDU also sets a threshold for an outer/inner loop power 
control on the reverse link and a set point for a slow power control on the forward 
link for the DTX period in corresponding fields of the forward FCH/DCCH 
message. 

In the case of an idle frame in step 2004A, the BSC-SDU refers to the 
power control information (FQI, Reverse Link Quality, QIB, and FPC.SNR) 
included in the IS-2000 reverse DCCH message received from the BTS every 
20ms in step 2006-3A. Since the idle frame indicates that the BTS is being 
synchronized with the MS, the BSC-SDU also sets an initial value for a power 
control on the reverse link and a set point for a slow power control on the forward 
link in the forward FCH/DCCH message (see FIG. 8). 

If there exists data to transmit to the MS in step 2002, the BSC-SDU sets 
Frame Content of the forward FCH/DCCH message to a data frame in step 2003-2 
of FIG. 14B. Then, steps 2004B to 2007-2 are performed in the same manner as 
steps 2004A to 2006-3A. In step 2004B, the BSC-SDU checks whether Frame 
Content of the latest reverse DCCH message is one of a null frame and an idle 
frame. 

If it is neither a null frame nor an idle frame, the BSC-SDU checks 
whether Frame Content of the latest reverse DCCH message indicates an erasure 
frame in step 2005B. If it does not indicate an erasure frame either, the BSC- 
SDU sets power control information in the forward FCH/DCCH message shown in 
FIG. 8 based on the power control information (FQI, Reverse Link Quality, QIB, 
and FPC:SNR) included in the reverse DCCH message received from the BTS 
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every 20ms in step 2006- IB. Since there exists data to transmit to the MS, the 
BSC-SDU transmits the forward FCH/DCCH message with the data capsulated to 
the BTS in step 2007-2. 

If the Frame Content of the latest reverse DCCH message indicates an 
erasure frame in step 2005B, the BSC-SDU sets reverse power control information 
to indicate power-up on a reverse link in the forward FCH/DCCH message in step 
2006-2B. Since there exists data to transmit to the MS, the BSC-SDU transmits 
the forward FCH/DCCH frame with the data to the BTS in step 2007-2. 

If a frame previously received from the BTS is a null frame in step 2004B, 
the BSC-SDU refers to power control information (FQI, Reverse Link Quality, 
QIB, and FPC.SNR) included in the IS-2000 reverse DCCH message received 
from the BTS every 20ms in step 2006-3B. Since the reverse DCCH is in a DTX 
mode, the BSC-SDU also sets a threshold for an outer/inner loop power control on 
the reverse link and a set point for a slow power control on the forward link for the 
DTX period in corresponding fields of the forward FCH/DCCH message. 

In the case of an idle frame in step 2004B, the BSC-SDU refers to the 
power control information (FQI, Reverse Link Quality, QIB, and FPC:SNR) 
included in the IS-2000 reverse DCCH message received from the BTS every 
20ms in step 2006-3A. Since the idle frame indicates that the BTS is being 
synchronized with the MS, the BSC-SDU also sets an initial value for a power 
control on the reverse link and a set point for a slow power control on the forward 
link in the forward FCH/DCCH message (see FIG. 8). Since there exists data to 
transmit to the MS, the BSC-SDU transmits the forward FCH/DCCH frame with 
the data to the BTS in step 2007-2. 

FIG. 15 is a flowchart illustrating a reverse DCCH message receiving 
operation according to the present invention. In this operation, the BSC-SDU 
receives and processes a reverse DCCH message received in every predetermined 
period (e.g., 20ms) from the BTS. 

Referring to FIG. 15, the BSC-SDU receives a reverse DCCH message 
from the BTS every 20ms in step 3000. The BSC-SDU determines whether 
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Fratne Content of the received message indicates an erasure frame in step 3001. 
If the received frame is an erasure frame, the BSC-SDU goes to step 3004 and 
otherwise, it goes to step 3002. In the case of an erasure frame, it implies that a 
frame received at the BTS from the MS is had. Therefore, the BSC-SDU 
neglects all information in the received reverse FCH/DCCH message and 
generates a forward FCH/DCCH message indicating reverse power-up in step 
3004. 

If the received reverse DCCH frame is not an erasure frame in step 3001, 
the BSC-SDU determines whether Frame Content of the received frame indicates 
an idle frame in step 3002. In the case of an idle frame, the BSC-SDU neglects 
all information of the received reverse FCH/DCCH message and generates a 
forward FCH/DCCH message with reverse power control information maintained 
at an initial value, considering that the BTS has not recognized the radio resources 
related with the MS or has not assigned the radio resources in step 3004-1. 

If the received frame is not an idle frame in step 3002, the BSC-SDU 
determines that a reverse channel between the MS and the BTS is in the DTX 
mode and sets an outer loop threshold that is a set point for a PCB referring to FQI 
of the reverse IS-2000 DCCH message in step 3004-2. The BSC-SDU also 
checks whether the previous forward DCCH frame has errors by reading QIB from 
the reverse FCH/DCCH message, determines a gain ratio for forward power 
control, and writes the gain ratio in a corresponding field of the forward 
FCH/DCCH message. 

If the received frame is not a null frame in step 3003, which implies that it 
is a data frame, the BSC-SDU transmits data included in Reverse Link Information 
of the received reverse FCH/DCCH message to a corresponding data processing 
device (not shown) according to the type of the data and generates the forward 
DCCH message with forward/reverse power control information set based on an 
analysis of power control information included in the reverse DCCH message in 
step 3004-3. 

FIG. 16 is a flowchart illustrating a forward DCCH message receiving 
operation according to the present invention. In this operation, the BTS receives 
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and processes a forward DCCH message in every predetermined period (e.g., 
20ms) from the BSC-SDU. 

Referring to FIG. 16, the BTS receives a forward FCH/DCCH message 
from the BSC every 20ms in step 4000. The BTS determines whether Frame 
Content of the received message indicates an idle frame in step 4001. In the case 
of an idle frame, the BTS analyses all information of the received forward DCCH 
message and transmits reverse/forward power control information set in the 
forward message to a power control processor (not shown) in step 4003. Here, no 
frames are transmitted on a forward radio link. 

If the received frame is not an idle frame in step 4001, the BTS determines 
whether Frame Content of the received frame indicates a null frame in step 4002. 
In the case of a null frame, the BTS analyses all information of the received 
forward DCCH message and transmits reverse/forward power control information 
set in the forward message to the power control processor in step 4003-1. Since 
the DTX mode is set, a forward slow power control set point is transmitted in the 
form of a QIB to the power control processor of the BTS as in a Non-DTX mode. 
Meanwhile, a DCCH null frame with a PCB is transmitted on the forward radio 
link. 

If the received frame is not a null frame in step 4002, which implies that it 
is a data frame, the BTS analyses all information of the received forward DCCH 
message and transmits reverse/forward power control information set in the 
forward message to the power control processor in step 4003-2. That is, the BTS 
determines the reverse/forward power control information set in the forward 
message to be reverse/forward power control information for the MS in step 4003- 
2. Here, data included in Reverse Link Information of the forward DCCH 
message is transmitted on the forward radio link. 

FIGS. 17A and 17B are flowcharts illustrating an operation of processing 
QIB/EIB of a reverse pilot channel frame received from the MS for slow forward 
power control on a DCCH according to the present invention. The slow power 
control is applied, for example, to a DTX period in which a null frame without any 
real data is received from the MS. 
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Referring to FIGS. 17A and 17B, the BTS receives a signal indicating the 
action time of FPCMODE from the BSC in step 5000 and determines whether 
FPC MODE is 011 from the forward DCCH message shown in FIG. 8 in step 
5001. If FPC_MODE is Oil, the BTS checks the QIB status of the reverse pilot 
channel every 1.25 ms and detennines a final QIB/EIB status of the reverse DCCH 
message as 0 or 1 in step 5004. If the QIB status is 1, the BTS sets QIB/EIB of a 
reverse DCCH message directed to the BSC-SDU to 1 in step 5005, and if the QIB 
status is 0, it sets QIB/EIB of the reverse DCCH message to 0 in step 5005-1. 

If FPC_MODE is not 011 in step 5001, the BTS determines whether 
FPC_MODE is 100 in step 5002. If FPC_MODE is 100, the BTS checks the QIB 
status of the reverse pilot channel every 1 .25ms and determines a final QIB status 
as 0 or 1 in step 5004-1. If the QIB status is 1, the BTS sets QIB/EIB of the 
reverse DCCH message directed to the BSC-SDU to 1 in step 5005-2 and if the 
QIB status is 0, it sets QIB/EIB of the reverse DCCH message, being transmitted 
to BSC-SDU, to 0 in step 5005-3. 

If FPC MODE is not 100 in step 5002, the BTS detennines whether 
FPC_MODE is 101 in step 5003 of FIG. 17B. If FPC_MODE is 101, the BTS 
checks the QIB status of the reverse pilot channel every 1.25ms and determines a 
final QIB status as 0 or 1 in step 5004-2. If the QIB status is 1, the BTS sets 
QIB/EIB of the reverse DCCH message directed to the BSC-SDU to 1 in step 
5005-4 and if the QIB status is 0, it sets QIB/EIB of the reverse DCCH message to 
0 in step 5005-5. If FPC MODE is not 101 in step 5003, the BTS sets QIB/EIB 
of the reverse DCCH message to 0 in step 5005-6. 

FIG. 18 is a flowchart illustrating an FQI algorithm in which the quality of 
a reverse frame (CRC/signaling quality) is checked according to an embodiment of 
the present invention. Referring to FIG. 18, the BTS checks the energy of every 
reverse data frame received from the MS in step 6000 and determines whether a 
DTX mode has been set based on the energy in step 6001. In the case of a non- 
DTX mode, the BTS sets Frame Content of a reverse FCH/DCCH message to a 
data frame in step 6002. In step 6003, the BTS performs a CRC check on the 
data frame, and in step 6004, it determines whether the data frame is good based 
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on the CRC check. If the data frame is good, the BTS sets FQI of the reverse 
FCH/DCCH message to 1 in step 6005. If the data frame is bad, the BTS sets 
FQI of the reverse FCH/DCCH message to 0 in step 6005-1. 

In the case of a DTX mode, the BTS sets Frame Content of the reverse 
FCH/DCCH message to a null frame in step 6002-1 and checks the PCB energy of 
the reverse pilot channel in step 6003-1 (see FIGS. 19 and 20). In step 6004-1, 
the BTS determines whether the received frame is good based on the PCB energy. 
If the frame is good, the BTS sets the FQI to 1 in step 6005-2, and if it is bad, the 
BTS sets the FQI to 0 in step 6005-3. 

FIGS. 19 and 20 are flowcharts illustrating an FQI determination 
procedure. According to the FIG. s, PCB energy in steps 6003-1, 6004-1, 6005-2 
and 6005-3 of FIG. 18 is checked and then, FQI bit is determined. Here, FIG 19 
shows an example using a look-up table and FIG. 20 shows another example 
using a predetermined threshold, respectively according to an embodiment of the 
present invention. 

Referring to FIG. 19, the BTS calculates an average energy Eb/Nt for a 20- 
ms period by measuring the energy of N PCGs (up to 16 PCGs) in a reverse pilot 
channel in step 7000. In step 7001, the BTS reads an FER (Frame Error Rate) 
corresponding to the average Eb/Nt from an Eb/Nt vs FER look-up table. This 
look-up table is derived from an AWGN performance curve according to preset 
offset values. 

The BTS determines whether frame errors exist or not according to 
probability in step 7002. That is, the FER read from the table is compared with a 
random number between 0 and 1 generated with respect to an error rate 
corresponding to a given FER. If the random number is less than the FER, it is 
considered that the frame is bad and if the random number is greater than the FER, 
it is considered that the frame is good. The random number is a general dgorithm 
that allows selecting an arbitrary number between 0 and 1, and for example, a 
pseudo random number generator may be corresponded. If the frame is good, the 
BTS sets FQI of the reverse FCH/DCCH message to 1 (good) in step 7003 and if 
the frame is bad, the BTS sets FQI of the reverse FCH/DCCH message to 0 (good) 
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in step 7003-1. 

Referring to FIG. 20, the BTS calculates an average energy Eb/Nt for a 20- 
ms period by measuring the energy of N PCGs (up to 16 PCGs) in a reverse pilot 
channel in step 8000. In step 8001, the BTS compares the average Eb/Nt with a 
given threshold Eb/Nt that satisfies an FER 0.5. The threshold is obtained from 
an AWGN performance curve according to a preset offset value. The BTS 
determines whether frame errors exist or not according to the comparison result in 
step 8002. 

That is, if the calculated Eb/Nt is less than the threshold, it is considered 
that the frame is bad and if the calculated Eb/Nt is greater than the threshold, it is 
considered that the frame is good. If the frame is good, the BTS sets FQI of the 
IS-2000 reverse FCH/DCCH message to 1 (good) in step 7003 and if the frame is 
bad, the BTS sets FQI of the IS-2000 reverse FCH/DCCH message to 0 (good) in 
step 8003-1. 

As described above, the present invention is intended to implement a 
power control (slow power control) on a DCCH for a DTX period as is done for a 
non-DTX period. Therefore, the above description is about how to modify the 
conventional power control for the DTX period and how to utilize an FQI and a 
QIB for real-time power control for die DTX period. 

Table 1 lists transmission rates versus FPC modes. Here, a slow power 
control is performed at a data rate of 50bps and a fast power control, at a data rate 
higher than 50bps. The slow forward power control is performed when 
FPC_MODE is Oil, 100, or 101 according to the present invention. If this slow 
forward power control mode is set, an MS transmits a QIB on a reverse pilot 
channel and a BS (a BTS and a BSC) determines a threshold for the forward power 
control based on the QIB. 



Table 1 . Transmission rates versus FPC modes. 



FPC_MODE 


Primary (FCH, DCCH) power control 


Secondary (SCH) power control 


000 


800bps 


Not supported 


001 


400bps 


400bps 


010 


200bps 


600bps 
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Oil 


50bps 


Not supported 


100 


50bps 


Not supported 


101 


50bps 


50bps 


110 


400bps 


50bps 



In accordance with the present invention as described above, 
forward/reverse power control on a DCCH is supported for a DTX period with the 
same effect as for a non-DTX period. Therefore, power control is effectively 
performed. 



While the invention has been shown and described with reference to 
certain preferred embodiments thereof, it will be understood by those skilled in the 
art that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of transmitting power control information to a BSC 
(Base Station Controller) in a BTS (Base station Transceiver System) of a mobile 
communication system, comprising the steps of: 

receiving forward power control (FPC) mode information indicating a low 
power control from the BSC and transmitting the FPC mode information to an MS 
(Mobile Station); 

extracting a QIB (Quality Indicator Bit) that is a power control command 
from a reverse pilot channel received from the MS according to the FPC mode 
information; 

determining the status of the QIB; and 

fransmitting information requesting the BSC to change a threshold for a 
power control on a forward DCCH (Dedicated Control Channel) based on the 
determined QIB status to the BSC. 

2. The method of claim 1, further comprising the steps of: 
receiving FPC mode information indicating a fast power control from the 

BSC and transmitting the FPC mode information to the MS; 

extracting a PCB (Power Control Bit) in every predetermined period from 
the reverse pilot channel received from the MS according to the FPC mode 
information; and 

performing a fast forward power control according to the extracted PCB. 

3. A method of transmitting power control information to a BSC in a 
BTS of a mobile communication system, comprising the steps of: 

detecting a DTX (Discontinuous Transmission) period by measuring the 
energy of a DCCH frame received from an MS; 

determining reception status by measuring the energy of a PCB on a 
reverse pilot channel if the DTX is detected; 

determining FQI (Frame Quality Indicator) information according to the 
determined reception status; and 

transmitting the FQI information to the BSC. 

4. The method of claim 3, wherein the step of determining reception 
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status comprises the steps of: 

comparing the measured energy with a predetermined threshold; 

determining that the reception status is good if the energy is greater than 
the threshold; and 

deteirmning that the reception status is bad if the energy is less than the 
threshold. 

5. The method of claim 3, wherein the step of determjuiing reception 
status comprises the steps of: 

determining an FER (Frame Error Rate) corresponding to the measured 

energy; 

generating a random number in a predetermined range; 

determining that the reception status is good if the random number is 
greater than the FER; and 

determining that the reception status is bad if the random number is less 
than the FER. 

6. A method of transmitting power control information to a BTS in a 
BSC of a mobile communication system, comprising the steps of: 

checking FQI information in the latest reverse DCCH message received 
from the BSC if the frame content of the reverse message indicates a null frame; 

determining a reverse link power control threshold based on the FQI 
information; and 

ttansmitting a forward DCCH message with the threshold to the BTS. 

7. The method of claim 6, further comprising the step of setting 
power control information requesting the MS to increase transmission power in the 
forward DCCH message and ttansmitting the forward DCCH message to the BTS 
if the frame content of the reverse message indicates an erasure frame. 

8. The method of claim 6, further comprising the step of setting the 
power control information of the reverse message in the forward DCCH message 
and transmitting the forward DCCH message to the BTS if the frame content of the 
reverse message indicates a data frame. 
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9. The method of claim 6, further comprising the step of setting an 
initial value for the reverse link power control in the forward DCCH message and 
hansmitting the forward DCCH message to the BTS if the frame content of the 
reverse message indicates an idle frame. 

10. The method of claim 6, further comprising the step of setting 
information for a slow forward power control in the forward DCCH message and 
transmitting the forward DCCH message to the BTS if the frame content of the 
forward DCCH message indicates a null frame. 

11. A method of transmitting power control information to a BTS in a 
BSC of a mobile communication system, comprising the steps of: 

receiving a reverse DCCH message from the BTS; 

extracting QIB information from the reverse DCCH message; 

determining a threshold for a slow forward power control based on the 
QIB information; and 

transmitting a forward DCCH message including the slow forward power 
control threshold to the BTS. 

12. A method of transmitting power control information to a BSC in a 
BTS of a mobile communication system, comprising the steps of: 

receiving FPC mode information indicating a slow power control from the 
BSC and transmitting the FPC mode information to an MS; and 

extracting a QIB that is a power control command in a frame period from a 
reverse pilot channel received from the MS according to the FPC mode 
information and transrmtting the QIB to the BSC. 

13. The method of claim 12, further comprising the step of receiving a 
threshold for a forward power control that is detennined based on the QIB from 
the BSC. 

14. A method of transnutting power control information to a BSC in a 
BTS of a mobile communication system, comprising the steps of: 

extracting power control information from a radio frame received from an 
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MS according to a set FPC mode; 

performing a fast power control if the extracted power control information 
is a PCB and resetting a predetermined first field in a reverse DCCH message; 

performing a slow power control if the extracted power control 
information is a QIB and setting the first field to a QIB status value in the reverse 
DCCH message; 

setting a predetermined second field in the reverse DCCH message 
according to the energy measurement of the extracted power control information; 
and 

transmitting the reverse DCCH message to the BSC. 

15. The method of claim 14, wherein the second field is FQI (Frame Quality 
Indicator) information. 
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OFDMA WITH ADAPTIVE SUBCARRTER-CLUSTER CONFIGURATION AND 
SELECTIVE LOADING 

FIELD OF THE INVENTION 

5 The invention relates to the field of wireless communications; more particularly, 

the invention relates to multi-cell, multi-subscriber wireless systems using orthogonal 
frequency division multiplexing (OFDM). 

BACKGROUND OF THE INVENTION 

1 0 Orthogonal frequency division multiplexing (OFDM) is an efficient modulation 

scheme for signal transmission over frequency-selective channels. In OFDM, a wide 
bandwidth is divided into multiple narrow-band subcarriers, which are arranged to be 
orthogonal with each other. The signals modulated on the subcarriers are transmitted in 
parallel. For more information, see Cimini, Jr., "Analysis and Simulation of a Digital 

1 5 Mobile Channel Using Orthogonal Frequency Division Multiplexing," IEEE Trans. 
Commun., vol. COM-33, no. 7, July 1985, pp. 665-75; Chuang and Sollenberger, 
"Beyond 3G: Wideband Wireless Data Access Based on OFDM and Dynamic Packet 
Assignment," IEEE Communications Magazine, Vol. 38, No. 7, pp. 78-87, July 2000. 
One way to use OFDM to support multiple access for multiple subscribers is 

20 through time division multiple access (TDMA), in which each subscriber uses all the 

subcarriers within its assigned time slots. Orthogonal frequency division multiple access 
(OFDMA) is another method for multiple access, using the basic format of OFDM. In 
OFDMA, multiple subscribers simultaneously use different subcarriers, in a fashion 
similar to frequency division multiple access (FDMA). For more information, see Sari 

25 and Karam, "Orthogonal Frequency-Division Multiple Access and its Application to 

CATV Networks," European Transactions on Telecommunications, Vol. 9 (6), pp. 507- 
516, Nov./Dec. 1998 and Nogueroles, Bossert, Donder, and Zyablov, "Improved 
Performance of a Random OFDMA Mobile Communication System,", Proceedings of 
IEEE VTC'98, pp. 2502 -2506. 

30 Multipath causes frequency-selective fading. The channel gains are different for 

different subcarriers. Furthermore, the channels are typically uncorrelated for different 
subscribers. The subcarriers that are in deep fade for one subscriber may provide high 
channel gains for another subscriber. Therefore, it is advantageous in an OFDMA 
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system to adaptively allocate the subcarriers to subscribers so that each subscriber enjoys 
a high channel gain. For more information, see Wong et al., "Multiuser OFDM with 
Adaptive Subcarrier, Bit and Power Allocation," IEEE J. Select. Areas Commun., Vol. 
17(10), pp. 1747-1758, October 1999. 
5 Within one cell, the subscribers can be coordinated to have different subcarriers 

in OFDMA. The signals for different subscribers can be made orthogonal and there is 
little intracell interference. However, with aggressive frequency reuse plan, e.g., the 
same spectrum is used for multiple neighboring cells, the problem of intercell 
interference arises. It is clear that the intercell interference in an OFDMA system is also 

1 0 frequency selective and it is advantageous to adaptively allocate the subcarriers so as to 
mitigate the effect of intercell interference. 

One approach to subcarrier allocation for OFDMA is a joint optimization 
operation, not only requiring the activity and channel knowledge of all the subscribers in 
all the cells, but also requiring frequent rescheduling every time an existing subscribers 

15 is dropped off the network or a new subscribers is added onto the network. This is often 
impractical in real wireless system, mainly due to the bandwidth cost for updating the 
subscriber information and the computation cost for the joint optimization. 

SUMMARY OF THE INVENTION 

20 A method and apparatus for subcarrier selection for systems is described. In 

one embodiment, the system employs orthogonal frequency division multiple access 
(OFDMA). In one embodiment, a method for subcarrier selection comprises a 
subscriber measuring channel and interference information for subcarriers based on 
pilot symbols received from a base station, the subscriber selecting a set of candidate 

25 subcarriers, providing feedback information on the set of candidate subcarriers to the 
base station, and receiving an indication of subcarriers of the set of subcarriers 
selected by the base station for use by the subscriber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 The present invention will be understood more fully from the detailed description 

given below and from the accompanying drawings of various embodiments of the 
invention, which, however, should not be taken to limit the invention to the specific 
embodiments, but are for explanation and understanding only. 
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Figure 1A illustrates subcarriers and clusters. 

Figure IB is a flow diagram of one embodiment of a process for allocating 
subcarriers. 

Figure 2 illustrates time and frequency grid of OFDM symbols, pilots and 
5 clusters. 

Figure 3 illustrates subscriber processing. 
Figure 4 illustrates one example of Figure 3. 

Figure 5 illustrates one embodiment of a format for arbitrary cluster feedback. 
Figure 6 illustrates one embodiment of a partition the clusters into groups. 
1 0 Figure 7 illustrates one embodiment of a feedback format for group-based cluster 

allocation. 

Figure 8 illustrates frequency reuse and interference in a multi-cell, multi-sector 
network. 

Figure 9 illustrates different cluster formats for coherence clusters and diversity 
1 5 clusters. 

Figure 10 illustrates diversity clusters with subcarrier hopping. 
Figure 11 illustrates intelligent switching between diversity clusters and 
coherence clusters depending on subscribers mobility. 

Figure 12 illustrates one embodiment of a reconfiguration of cluster 
20 classification. 

Figure 13 illustrates one embodiment of a base station. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

A distributed, reduced-complexity approach for subcarrier allocation is described. 

25 The techniques disclosed herein are described using OFDMA (clusters) as an example. 
However, they are not limited to OFDMA-based systems. The techniques apply to 
multi-carrier systems in general, where, for example, a carrier can be a cluster in 
OFDMA, a spreading code in CDMA, an antenna beam in SDMA (space-division 
multiple access), etc. In one embodiment, subcarrier allocation is performed in each cell 

30 separately. Within each cell, the allocation for individual subscribers (e.g., mobiles) is 
also made progressively as each new subscriber is added to the system as opposed to 
joint allocation for subscribers within each cell in which allocation decisions are made 
taking into account all subscribers in a cell for each allocation. 
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For downlink channels, each subscriber first measures the channel and 
interference information for all the subcarriers and then selects multiple subcarriers with 
good performance (e.g., a high signal-to-interference plus noise ratio (SINR)) and feeds 
back the information on these candidate subcarriers to the base station. The feedback 
5 may comprise channel and interference information (e.g., signal-to-interference-plus- 
noise-ratio information) on all subcarriers or just a portion of subcarriers. In case of 
providing information on only a portion of the subcarriers, a subscriber may provide a 
list of subcarriers ordered starting with those subcarriers which the subscriber desires to 
use, usually because their performance is good or better than that of other subcarriers. 

1 0 Upon receiving the information from the subscriber, the base station further 

selects the subcarriers among the candidates, utilizing additional information available at 
the base station, e.g., the traffic load information on each subcarrier, amount of traffic 
requests queued at the base station for each frequency band, whether frequency bands are 
overused, and/or how long a subscriber has been waiting to send information. In one 

1 5 embodiment, the subcarrier loading information of neighboring cells can also be 
exchanged between base stations. The base stations can use this information in 
subcarrier allocation to reduce inter-cell interference. 

In one embodiment, the selection by the base station of the channels to allocate, 
based on the feedback, results in the selection of coding/modulation rates. Such 

20 coding/modulation rates may be specified by the subscriber when specifying subcarriers 
that it finds favorable to use. For example, if the SINR is less than a certain threshold 
(e.g., 12 dB), quadrature phase shift keying (QPSK) modulation is used; otherwise, 16 
quadrature amplitude modulation (QAM) is used. Then the base station informs the 
subscribers about the subcarrier allocation and the coding/modulation rates to use. 

25 In one embodiment, the feedback information for downlink subcarrier allocation 

is transmitted to the base station through the uplink access channel, which occurs in a 
short period every transmission time slot, e.g., 400 microseconds in every 10-millisecond 
time slot. In one embodiment, the access channel occupies the entire frequency 
bandwidth. Then the base station can collect the uplink SINR of each subcarrier directly 

30 from the access channel. The SINR as well as the traffic load information on the uplink 
subcarriers are used for uplink subcarrier allocation. 

For either direction, the base station makes the final decision of subcarrier 
allocation for each subscriber. 
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In the following description, a procedure of selective subcarrier allocation is also 
disclosed, including methods of channel and interference sensing, methods of 
information feedback from the subscribers to the base station, and algorithms used by the 
base station for subcarrier selections. 
5 In the following description, numerous details are set forth-to provide a thorough 

understanding of the present invention. It will be apparent, however, to one skilled in the 
art, that the present invention may be practiced without these specific details. In other 
instances, well-known structures and devices are shown in block diagram form, rather 
than in detail, in order to avoid obscuring the present invention. 

1 0 Some portions of the detailed descriptions which follow are presented in terms of 

algorithms and symbolic representations of operations on data bits within a computer 
memory. These algorithmic descriptions and representations are the means used by 
those skilled in the data processing arts to most effectively convey the substance of their 
work to others skilled in the art. An algorithm is here, and generally, conceived to be a 

15 self -consistent sequence of steps leading to a desired result. The steps are those 

requiring physical manipulations of physical quantities. Usually, though not necessarily, 
these quantities take the form of electrical or magnetic signals capable of being stored, 
transferred, combined, compared, and otherwise manipulated. It has proven convenient 
at times, principally for reasons of common usage, to refer to these signals as bits, 

20 values, elements, symbols, characters, terms, numbers, or the like. 

It should be borne in mind, however, that all of these and similar terms are to be 
associated with the appropriate physical quantities and are merely convenient labels 
" applied to these quantities. Unless specifically stated otherwise as apparent from the 
following discussion, it is appreciated that throughout the description, discussions 

25 utilizing terms such as "processing" or "computing" or "calculating" or "determining" or 
"displaying" or the like, refer to the action and processes of a computer system, or 
similar electronic computing device, that manipulates and transforms data represented as 
physical (electronic) quantities within the computer system's registers and memories into 
other data similarly represented as physical quantities within the computer system 

30 memories or registers or other such information storage, transmission or display devices. 
The present invention also relates to apparatus for performing the operations 
herein. This apparatus may be specially constructed for the required purposes, or it may 
comprise a general purpose computer selectively activated or reconfigured by a computer 
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program stored in the computer. Such a computer program may be stored in a computer 
readable storage medium, such as, but is not limited to, any type of disk including floppy 
disks, optical disks, CD-ROMs, and magnetic-optical disks, read-only memories 
(ROMs), random access memories (RAMs), EPROMs, EEPROMs, magnetic or optical 
5 cards, or any type of media suitable for storing electronic instructions, and each coupled 
to a computer system bus. 

The algorithms and displays presented herein are not inherently related to any 
particular computer or other apparatus. Various general purpose systems may be used 
with programs in accordance with the teachings herein, or it may prove convenient to 

1 0 construct more specialized apparatus to perform the required method steps. The required 
structure for a variety of these systems will appear from the description below. In 
addition, the present invention is not described with reference to any particular 
programming language. It will be appreciated that a variety of programming languages 
may be used to implement the teachings of the invention as described herein. 

15 A machine-readable medium includes any mechanism for storing or transmitting 

information in a form readable by a machine (e.g., a computer). For example, a 
machine-readable medium includes read only memory ("ROM"); random access 
memory ("RAM"); magnetic disk storage media; optical storage media; flash memory 
devices; electrical, optical, acoustical or other form of propagated signals (e.g., carrier 

20 waves, infrared signals, digital signals, etc.); etc. 
Subcarrier Clustering 

The techniques described herein are directed to subcarrier allocation for data 
traffic channels. In a cellular system, there are typically other channels, pre-allocated for 
the exchange of control information and other purposes. These channels often include 

25 down link and up link control channels, uplink access channels, and time and frequency 
synchronization channels. 

Figure 1A illustrates multiple subcarriers, such as subcarrier 101, and cluster 102. 
A cluster, such as cluster 102, is defined as a logical unit that contains at least one 
physical subcarrier, as shown in Figure 1A. A cluster can contain consecutive or disjoint 

30 subcarriers. The mapping between a cluster and its subcarriers can be fixed or 

reconfigurable. In the latter case, the base station informs the subscribers when the 
clusters are redefined. In one embodiment, the frequency spectrum includes 512 
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subcarriers and each cluster includes four consecutive subcarriers, thereby resulting in 
128 clusters. 

An Exemplary Subcarrier/Cluster Allocation Procedure 
5 Figure IB is a flow diagram of one embodiment of a process for allocation 

clusters to subscribers. The process is performed by processing logic that may comprise 
hardware (e.g., dedicated logic, circuitry, etc.), software (such as that which runs on, for 
example, a general purpose computer system or dedicated machine), or a combination of 
both. 

1 0 Referring to Figure IB, each base station periodically broadcasts pilot OFDM 

symbols to every subscriber within its cell (or sector) (processing block 101). The pilot 
symbols, often referred to as a sounding sequence or signal, are known to both the base 
station and the subscribers. In one embodiment, each pilot symbol covers the entire 
OFDM frequency bandwidth. The pilot symbols may be different for different cells (or 

1 5 sectors). The pilot symbols can serve multiple purposes: time and frequency 

synchronization, channel estimation and signal-to-interference/noise (SINR) ratio 
measurement for cluster allocation. 

Next, each subscriber continuously monitors the reception of the pilot symbols 
and measures the SINR and/or other parameters, including inter-cell interference and 

20 intra-cell traffic, of each cluster (processing block 102). Based on this information, each 
subscriber selects one or more clusters with good performance (e.g., high SINR and low 
traffic loading) relative to each other and feeds back the information on these candidate 
clusters to the base station through predefined uplink access channels (processing block 
103). For example, SINR values higher than 10 dB may indicate good performance. 

25 Likewise, a cluster utilization factor less than 50% may be indicative of good 

performance. Each subscriber selects the clusters with relatively better performance than 
others. The selection results in each subscriber selecting clusters they would prefer to 
use based on the measured parameters. 

In one embodiment, each subscriber measures the SINR of each subcarrier cluster 

30 and reports these SINR measurements to their base station through an access channel. 
The SINR value may comprise the average of the SINR values of each of the subcarriers 
in the cluster. Alternatively, the SINR value for the cluster may be the worst SINR 
among the SINR values of the subcarriers in the cluster. In still another embodiment, a 
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weighted averaging of SINK values of the subcarriers in the cluster is used to generate an 
SINR value for the cluster. This may be particularly useful in diversity clusters where 
the weighting applied to the subcarriers may be different. 

The feedback of information from each subscriber to the base station contains a 
5 SINR value for each cluster and also indicates the coding/modulation rate that the 

subscriber desires to use. No cluster index is needed to indicate which SINR value in the 
feedback corresponds to which cluster as long as the order of information in the feedback 
is known to the base station. In an alternative embodiment, the information in the 
feedback is ordered according to which clusters have the best performance relative to 

10 each other for the subscriber. In such a case, an index is needed to indicate to which 
cluster the accompanying SINR value corresponds. 

Upon receiving the feedback from a subscriber, the base station further selects 
one or more clusters for the subscriber among the candidates (processing block 104). 
The base station may utilize additional information available at the base station, e.g., the 

1 5 traffic load information on each subcarrier, amount of traffic requests queued at the base 
station for each frequency band, whether frequency bands are overused, and how long a 
subscriber has been waiting to send information. The subcarrier loading information of 
neighboring cells can also be exchanged between base stations. The base stations can use 
this information in subcarrier allocation to reduce inter-cell interference. 

20 After cluster selection, the base station notifies the subscriber about the cluster 

allocation through a downlink common control channel or through a dedicated downlink 
traffic channel if the connection to the subscriber has already been established 
(processing block 105). In one embodiment, the base station also informs the subscriber 
about the appropriate modulation/coding rates. 

25 Once the basic communication link is established, each subscriber can continue 

to send the feedback to the base station using a dedicated traffic channel (e.g., one or 
more predefined uplink access channels). 

In one embodiment, the base station allocates all the clusters to be used by a 
subscriber at once. In an alternative embodiment, the base station first allocates multiple 

30 clusters, referred to herein as the basic clusters, to establish a data link between the base 
station and the subscriber. The base station then subsequently allocates more clusters, 
referred to herein as the auxiliary clusters, to the subscriber to increase the 
communication bandwidth. Higher priorities can be given to the assignment of basic 
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clusters and lower priorities may be given to that of auxiliary clusters. For example, the 
base station first ensures the assignment of the basic clusters to the subscribers and then 
tries to satisfy further requests on the auxiliary clusters from the subscribers. 
Alternatively, the base station may assign auxiliary clusters to one or more subscribers 
5 before allocating basic clusters to other subscribers. For example, a base station may 
allocate basic and auxiliary clusters to one subscriber before allocating any clusters to 
other subscribers. In one embodiment, the base station allocates basic clusters to a new 
subscriber and then determines if there are any other subscribers requesting clusters. If 
not, then the base station allocates the auxiliary clusters to that new subscriber. 

1 0 From time to time, processing logic performs retraining by repeating the process 

described above (processing block 106). The retraining may be performed periodically. 
This retraining compensates for subscriber movement and any changes in interference. 
In one embodiment, each subscriber reports to the base station its updated selection of 
clusters and their associated SESTRs. Then the base station further performs the 

1 5 reselection and informs the subscriber about the new cluster allocation. Retraining can 
be initiated by the base station, and in which case, the base station requests a specific 
subscriber to report its updated cluster selection. Retraining can also be initiated by the 
subscriber when it observes channel deterioration. 



20 Adaptive Modulation and Coding 

In one embodiment, different modulation and coding rates are used to support 
reliable transmission over channels with different SINR. Signal spreading over multiple 
subcarriers may also be used to improve the reliability at very low SINR. 
An example coding/modulation table is given below in Table 1. 



-9- 



WO 02/49305 



PCT/US01/48421 



Table 1 



Scheme 


Modulation 


Code Rate 


0 


QPSK, 1/8 Spreading 


Vz 


1 


QPSK, 1 ^ Spreading 


Vi 


2 


QPSK,'/2 Spreading 


Vz 


3 


QPSK 


1/2 


4 


8PSK 


2/3 


5 


16QAM 


3/4 


6 


64QAM 


5/6 



In the example above, 1/8 spreading indicates that one QPSK modulation symbol 
is repeated over eight subcarriers. The repetition/spreading may also be extended to the 
5 time domain. For example, one QPSK symbol can be repeated over four subcarriers of 
two OFDM symbols, resulting also 1/8 spreading. 

The coding/modulation rate can be adaptively changed according to the channel 
conditions observed at the receiver after the initial cluster allocation and rate selection. 

10 Pilot Symbols and SINR Measurement 

In one embodiment, each base station transmits pilot symbols simultaneously, 
and each pilot symbol occupies the entire OFDM frequency bandwidth, as shown in 
Figures 2A-C. Referring to Figure 2A-C, pilot symbols 201 are shown traversing the 
entire OFDM frequency bandwidth for cells A, B and C, respectively. In one 

15 embodiment, each of the pilot symbols have a length or duration of 128 microseconds 
with a guard time, the combination of which is approximately 152 microseconds. After 
each pilot period, there are a predetermined number of data periods followed by another 
set of pilot symbols. In one embodiment, there are four data periods used to transmit 
data after each pilot, and each of the data periods is 152 microseconds. 

20 A subscriber estimates the SINR for each cluster from the pilot symbols. In one 

embodiment, the subscriber first estimates the channel response, including the amplitude 
and phase, as if there is no interference or noise. Once the channel is estimated, the 
subscriber calculates the interference/noise from the received signal. 

The estimated SINR values may be ordered from largest to smallest SINRs and 

25 the clusters with large SINR values are selected. In one embodiment, the selected 
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clusters have SINK, values that are larger than the minimum SINR which still allows a 
reliable (albeit low-rate) transmission supported by the system. The number of clusters 
selected may depend on the feedback bandwidth and the request transmission rate. In 
one embodiment, the subscriber always tries to send the information about as many 
5 clusters as possible from which the base station chooses. 

The estimated SINR values are also used to choose the appropriate 
coding/modulation rate for each cluster as discussed above. By using an appropriate 
SINR indexing scheme, an SINR index may also indicate a particular coding and 
modulation rate that a subscriber desires to use. Note that even for the same subscribers, 

1 0 different clusters can have different modulation/coding rates. 

Pilot symbols serve an additional purpose in determining interference among the 
cells. Since the pilots of multiple cells are broadcast at the same time, they will interfere 
with each other (because they occupy the entire frequency band). This collision of pilot 
symbols may be used to determine the amount of interference as a worst case scenario. 

1 5 Therefore, in one embodiment, the above SINR estimation using this method is 

conservative in that the measured interference level is the worst-case scenario, assuming 
that all the interference sources are on. Thus, the structure of pilot symbols is such that it 
occupies the entire frequency band and causes collisions among different cells for use in 
detecting the worst case SINR in packet transmission systems. 

20 During data traffic periods, the subscribers can determine the level of interference 

again. The data traffic periods are used to estimate the intra-cell traffic as well as the 
inter-cell interference level. Specifically, the power difference during the pilot and 
traffic periods may be used to sense the (intra-cell) traffic loading and inter-cell 
interference to select the desirable clusters. 

25 The interference level on certain clusters may be lower, because these clusters 

may be unused in the neighboring cells. For example, in cell A, with respect to cluster A 
there is less interference because cluster A is unused in cell B (while it is used in cell C). 
Similarly, in cell A, cluster B will experience lower interference from cell B because 
cluster B is used in cell B but not in cell C. 

30 The modulation/coding rate based on this estimation is robust to frequent 

interference changes resulted from bursty packet transmission. This is because the rate 
prediction is based on the worst case situation in which all interference sources are 
transmitting. 
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In one embodiment, a subscriber utilizes the information available from both the 
pilot symbol periods and the data traffic periods to analyze the presence of both the intra- 
cell traffic load and inter-cell interference. The goal of the subscriber is to provide an 
indication to the base station as to those clusters that the subscriber desires to use. 
5 Ideally, the result of the selection by the subscriber is clusters with high channel gain, 
low interference from other cells, and high availability. The subscriber provides 
feedback information that includes the results, listing desired clusters in order or not as 
described herein. 

Figure 3 illustrates one embodiment of subscriber processing. The processing is 
1 0 performed by processing logic that may comprise hardware (e.g., dedicated logic, 
circuitry, etc.), software (such as that which runs on, for example, a general purpose 
computer system or dedicated machine), or a combination of both. 

Referring to Figure 3, channel/interference estimation processing block 301 
performs channel and interference estimation in pilot periods in response to pilot 
1 5 symbols. Traffic/interference analysis processing block 302 performs traffic and 

interference analysis in data periods in response to signal information and information 
from channel/interference estimation block 301. 

Cluster ordering and rate prediction processing block 303 is coupled to outputs of 
channel/interference estimation processing block 301 and traffic/interference analysis 
20 processing block 302 to perform cluster ordering and selection along with rate 
prediction. 

The output of cluster ordering processing block 303 is input to cluster request 
processing block 304, which requests clusters and modulation/coding rates. Indications 
of these selections are sent to the base station. In one embodiment, the SINR on each 

25 cluster is reported to the base station through an access channel. The information is used 
for cluster selection to avoid clusters with heavy intra-cell traffic loading and/or strong 
interference from other cells. That is, anew subscriber may not be allocated use of a 
particular cluster if heavy intra-cell traffic loading already exists with respect to that 
cluster. Also, clusters may not be allocated if the interference is so strong that the SINR 

30 only allows for low-rate transmission or no reliable transmission at all. 

The channel/interference estimation by processing block 301 is well-known in 
the art by monitoring the interference that is generated due to full-bandwidth pilot 
symbols being simultaneously broadcast in multiple cells. The interface information is 



-12- 



WO 02/49305 



PCT/US01/48421 



forwarded to processing block 302 which uses the information to solve the following 
equation: 

H,S, + ^ + n t = y, 

where £. represents the signal for subcarrier (freq. band) i , /, is the interference for 
5 subcarrier i , n. is the noise associated with subcarrier i , and y. is the observation for 
subcarrier i. In the case of 512 sub-carriers, i may range from 0 to 5 1 1 . The and n x 
are not separated and may be considered one quantity. The interference/noise and 
channel gain H, are not know. During pilot periods, the signal S t representing the pilot 
symbols, and the observation y, are knowns, thereby allowing determination of the 

1 0 channel gain # ; for the case where there is no interference or noise. Once this is known, 
it may be plugged back into the equation to determine the interference/noise during data 
periods since H t , 5 ; and y. are all known. 

The interference information from processing blocks 301 and 302 are used by the 
subscriber to select desirable clusters. In one embodiment, using processing block 303, 

15 the subscriber orders clusters and also predicts the data rate that would be available using 
such clusters. The predicted data rate information may be obtained from a look up table 
with precalculated data rate values. Such a look up table may store the pairs of each 
SINR and its associated desirable transmission rate. Based on this information, the 
subscriber selects clusters that it desires to use based on predetermined performance 

20 criteria. Using the ordered list of clusters, the subscriber requests the desired clusters 
along with coding and modulation rates known to the subscriber to achieve desired data 
rates. 

Figure 4 is one embodiment of an apparatus for the selection of clusters based on 
power difference. The approach uses information available during both pilot symbol 
25 periods and data traffic periods to perform energy detection. The processing of Figure 4 
may be implemented in hardware, (e.g., dedicated logic, circuitry, etc.), software (such as 
is run on, for example, a general purpose computer system or dedicated machine), or a 
combination of both. 

Referring to Figure 4, a subscriber includes SINR estimation processing block 
30 401 to perform SINR estimation for each cluster in pilot periods, power calculation 

processing block 402 to perform power calculations for each cluster in pilot periods, and 
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power calculation processing block 403 to perform power calculations in data periods for 
each cluster. Subtracter 404 subtracts the power calculations for data periods from 
processing block 403 from those in pilot periods from processing block 402. The output 
of subtractor 404 is input to power difference ordering (and group selection) processing 
5 block 405 that performs cluster ordering and selection based on SINR and the power 
difference between pilot periods and data periods. Once the clusters have been selected, 
the subscriber requests the selected clusters and the coding/modulation rates with 
processing block 406. 

More specifically, in one embodiment, the signal power of each cluster during the 
1 0 pilot periods is compared with that during the traffic periods, according to the following: 

P P =P S +P,+P N , 

P N , with no signal and interference 
P S + P N , with signal only 
P,+P N , with interference only 
P s +Pj +P N , with both signal and interference 

15 

P s + Pj , with no signal and interference 
Pj , with signal only 
P s , with interference only 
0, with both signal and interference 

where P p is the measured power corresponding to each cluster during pilot periods, P D is 
the measured power during the traffic periods, P s is the signal power, P, is the 
20 interference power, and P N is the noise power. 

In one embodiment, the subscriber selects clusters with relatively large 
P p /(P P - P D ) (e.g., larger than a threshold such as lOdB) and avoids clusters with low 
P p /(P p - P D ) (e.g., lower than a threshold such as lOdB) when possible. 

Alternatively, the difference may be based on the energy difference between 
25 observed samples during the pilot period and during the data traffic period for each of the 
subcarriers in a cluster such as the following: 
-14- 
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Thus, the subscriber sums the differences for all subcarriers. 

Depending on the actual implementation, a subscriber may use the following 
metric, a combined function of both SINR and P p - P D , to select the clusters: 
5 p = f(SWR,P P /(P P -P D ) 

where / is a function of the two inputs. One example of / is weighted averaging (e.g., 
equal weights). Alternatively, a subscriber selects a cluster based on its SINR and only 
uses the power difference P p - P D to distinguish clusters with similar SINR. The 
difference may be smaller than a threshold (e.g., 1 dB). 
1 0 Both the measurement of SINR and P P - P D can be averaged over time to reduce 

variance and improve accuracy. In one embodiment, a moving-average time window is 
used that is long enough to average out the statistical abnormity yet short enough to 
capture the time-varying nature of channel and interference, e.g., 1 millisecond. 

15 Feedback Format for Downlink Cluster Allocation 

In one embodiment, for the downlink, the feedback contains both the indices of 
selected clusters and their SINR. An exemplary format for arbitrary cluster feedback is 
shown in Figure 5. Referring to Figure 5, the subscriber provides a cluster index (ID) to 
indicate the cluster and its associated SINR value. For example, in the feedback, the 

20 subscriber provides cluster ID1 (501) and the SINR for the cluster, SLNRl (502), cluster 
ID2 (503) and the SINR for the cluster, SINR2 (504), and cluster ID3 (505), and the 
SINR for the cluster, SINR3 (506), etc. The SINR for the cluster may be created using 
an average of the SINRs of the subcarriers. Thus, multiple arbitrary clusters can be 
selected as the candidates. As discussed above, the selected clusters can also be ordered 

25 in the feedback to indicate priority. In one embodiment, the subscriber may form a 
priority list of clusters and sends back the SINR information in a descending order of 
priority. 

Typically, an index to the SINR level, instead of the SINR itself is sufficient to 
indicate the appropriate coding/modulation for the cluster. For example, a 3-bit field can 
30 be used for SINR indexing to indicate 8 different rates of adaptive coding/modulation. 

An Exemplary Base Station 
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The base station assigns desirable clusters to the subscriber making the request. 
In one embodiment, the availability of the cluster for allocation to a subscriber depends 
on the total traffic load on the cluster. Therefore, the base station selects the clusters not 
only with high SINR, but also with low traffic load. 
5 Figure 13 is a block diagram of one embodiment of a base station. Referring to 

Figure 13, cluster allocation and load scheduling controller 1301 (cluster allocator) 
collects all the necessary information, including the downlink/uplink SINR of clusters 
specified for each subscriber (e.g., via SINR/rate indices signals 1313 received from 
OFDM transceiver 1305) and user data, queue fullness/traffic load (e.g., via user data 

1 0 buffer information 1311 from multi-user data buffer 1 302). Using this information, 
controller 1301 makes the decision on cluster allocation and load scheduling for each 
user, and stores the decision information in a memory (not shown). Controller 1301 
informs the subscribers about the decisions through control signal channels (e.g., control 
signal/cluster allocation 1312 via OFDM transceiver 1305). Controller 1301 updates the 

1 5 decisions during retraining. 

In one embodiment, controller 1301 also performs admission control to user 
access since it knows the traffic load of the system. This may be performed by 
controlling user data buffers 1302 using admission control signals 1310. 

The packet data of User 1 ~ N are stored in the user data buffers 1302. For 

20 downlink, with the control of controller 1301, multiplexer 1303 loads the user data to 
cluster data buffers (for Cluster 1 ~ M) waiting to be transmitted. For the uplink, 
multiplexer 1303 sends the data in the cluster buffers to the corresponding user buffers. 
Cluster buffer 1304 stores the signal to be transmitted through OFDM transceiver 1305 
(for downlink) and the signal received from transceiver 1305. In one embodiment, each 

25 user might occupy multiple clusters and each cluster might be shared by multiple users 
(in a time-division-multiplexing fashion). 

Group-Based Cluster Allocation 

In another embodiment, for the downlink, the clusters are partitioned into groups. 
30 Each group can include multiple clusters. Figure 6 illustrates an exemplary partitioning. 
Referring to Figure 6, groups 1-4 are shown with arrows pointing to clusters that are in 
each group as a result of the partitioning. In one embodiment, the clusters within each 
group are spaced far apart over the entire bandwidth. In one embodiment, the clusters 
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within each group are spaced apart farther than the channel coherence bandwidth, i.e. the 
bandwidth within which the channel response remains roughly the same. A typical value 
of coherence bandwidth is 100 kHz for many cellular systems. This improves frequency 
diversity within each group and increases the probability that at least some of the clusters 
5 within a group can provide high SINR. The clusters may be allocated in groups. 
Goals of group-based cluster allocation include reducing the data bits for cluster 
indexing, thereby reducing the bandwidth requirements of the feedback channel 
(information) and control channel (information) for cluster allocation. Group-based 
cluster allocation may also be used to reduce inter-cell interference. 

1 0 After receiving the pilot signal from the base station, a subscriber sends back the 

channel information on one or more cluster groups, simultaneously or sequentially. In 
one embodiment, only the information on some of the groups is sent back to the base 
station. Many criteria can be used to choose and order the groups, based on the channel 
information, the inter-cell interference levels, and the intra-cell traffic load on each 

1 5 cluster. 

In one embodiment, a subscriber first selects the group with the best overall 
performance and then feedbacks the SINR information for the clusters in that group. The 
subscriber may order the groups based on their number of clusters for which the SINR is 
higher than a predefined threshold. By transmitting the SINR of all the clusters in the 

20 group sequentially, only the group index, instead of all the cluster indices, needs to be 
transmitted. Thus, the feedback for each group generally contains two types of 
information: the group index and the SINR value of each cluster within the group. 
Figure 7 illustrates an exemplary format for indicating a group-based cluster allocation. 
Referring to Figure 7, a group ID, ID1, is followed by the SINR values for each of the 

25 clusters in the group. This can significantly reduce the feedback overhead. 

Upon receiving the feedback information from the subscriber, the cluster 
allocator at the base station selects multiple clusters from one or more groups, if 
available, and then assigns the clusters to the subscriber. This selection may be 
performed by an allocation in a media access control portion of the base station. 

30 Furthermore, in a multi-cell environment, groups can have different priorities 

associated with different cells. In one embodiment, the subscriber's selection of a group 
is biased by the group priority, which means that certain subscribers have higher 
priorities on the usage of some groups than the other subscribers. 
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In one embodiment, there is no fixed association between one subscriber and one 
cluster group; however, in an alternative embodiment there may be such a fixed 
association. In an implementation having a fixed association between a subscriber and 
one or more cluster groups, the group index in the feedback information can be omitted, 
5 because this information is known to both subscriber and base station by default. 

In another embodiment, the pilot signal sent from the base station to the 
subscriber also indicates the availability of each cluster, e.g., the pilot signal shows 
which clusters have already been allocated for other subscribers and which clusters are 
available for new allocations. For example, the base station can transmit a pilot 
1 0 sequence 1111 1 1 1 1 on the subcarriers of a cluster to indicate that the cluster is available, 
and 1111 -1-1-1-1 to indicate the cluster is not available. At the receiver, the subscriber 
first distinguishes the two sequences using the signal processing methods which are well 
known in the art, e.g., the correlation methods, and then estimates the channel and 
interference level. 

1 5 With the combination of this information and the channel characteristics obtained 

by the subscriber, the subscriber can prioritize the groups to achieve both high SINR. and 
good load balancing. 

In one embodiment, the subscriber protects the feedback information by using 
error correcting codes. In one embodiment, the SINR information in the feedback is first 

20 compressed using source coding techniques, e.g., differential encoding, and then encoded 
by the channel codes. 

Figure 8 shows one embodiment of a frequency reuse pattern for an exemplary 
cellular set up. Each cell has hexagonal structure with six sectors using directional 
antennas at the base stations. Between the cells, the frequency reuse factor is one. 

25 Within each cell, the frequency reuse factor is 2 where the sectors use two frequencies 
alternatively. As shown in Figure 8, each shaded sector uses half of the available 
OFDMA clusters and each unshaded sector uses the other half of the clusters. Without 
loss of generality, the clusters used by the shaded sectors are referred to herein as odd 
clusters and those used by the unshaded sectors are referred to herein as even clusters. 

30 Consider the downlink signaling with omni-directional antennas at the 

subscribers. From Figure 8, it is clear that for the downlink in the shaded sectors, Cell A 
interferes with Cell B, which in turn interferes with Cell C, which in turn interferes with 
Cell A, namely, A -> B -> C ->A. For the unshaded sectors, Cell A interferes with Cell 
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C, which in turn interferes with Cell B, which in turn interferes with Cell A, namely, A - 
> C -> B ->A. 

Sector Al receives interference from Sector CI, but its transmission interferes 
with Sector Bl. Namely, its interference source and the victims with which it interferes 
5 are not the same. This might cause a stability problem in a distributed cluster-allocation 
system using interference avoidance: if a frequency cluster is assigned in Sector Bl but 
not in Sector CI, the cluster may be assigned in Al because it may be seen as clean in 
Al. However, the assignment of this cluster Al can cause interference problem to the 
existing assignment in Bl. 

1 0 In one embodiment, different cluster groups are assigned different priorities for 

use in different cells to alleviate the aforementioned problem when the traffic load is 
progressively added to a sector. The priority orders are jointly designed such that a 
cluster can be selectively assigned to avoid interference from its interference source, 
while reducing, and potentially minimizing, the probability of causing interference 

1 5 problem to existing assignments in other cells. 

Using the aforementioned example, the odd clusters (used by the shaded sectors) 
are partitioned into 3 groups: Group 1, 2, 3. The priority orders are listed in Table 2. 



Table 2: Priority ordering for the downlink of the shaded sectors. 



Priority Ordering 


Cell A 


CellB 


CellC 


1 


Group 1 


Group 3 


Group 2 


2 


Group 2 


Group 1 


Group 3 


3 


Group 3 


Group 2 


Group 1 



20 ~ ~ 

Consider Sector Al. First, the clusters in Group 1 are selectively assigned. If 
there are still more subscribers demanding clusters, the clusters in Group 2 are 
selectively assigned to subscribers, depending on the measured SINR (avoiding the 
clusters receiving strong interference from Sector CI). Note that the newly assigned 

25 clusters from Group 2 to Sector Al shall not cause interference problem in Sector Bl, 
unless the load in Sector B 1 is so heavy that the clusters in both Group 3 and 1 are used 
up and the clusters in Group 2 are also used. Table 3 shows the cluster usage when less 
than 2/3 of all the available clusters are used in Sector Al, B 1, and CI. 
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Table 3: Cluster usage for the downlink of the shaded sectors with less than 2/3 
of the full load. 



Cluster Usage 


Cell A 


CellB 


CellC 




Group 1 


Group 3 


Group 2 


2 


Group 2 


Group 1 


Group 3 


3 









Table 4 shows the priority orders for the unshaded sectors, which are different 
5 from those for the shaded sectors, since the interfering relationship is reversed. 
Table 4: Priority ordering for the downlink of the unshaded sectors. 



Priority Ordering 


Cell A 


CellB 


CellC 


1 


Group 1 


Group 2 


Group 3 


2 


Group 2 


Group 3 


Group 1 


3 


Group 3 


Group 1 


Group 2 



Intelligent Switching between Coherence and Diversity Clusters 

In one embodiment, there are two categories of clusters: coherence clusters, 

1 0 containing multiple subcarriers close to each other and diversity clusters, containing 
multiple subcarriers with at least some of the subcarriers spread far apart over the 
spectrum. The closeness of the multiple subcarriers in coherence clusters is preferably 
within the channel coherence bandwidth, i.e. the bandwidth within which the channel 
response remains roughly the same, which is typically within 100 kHz for many cellular 

1 5 systems. On the other hand, the spread of subcarriers in diversity clusters is preferably 
larger than the channel coherence bandwidth, typically within 100 kHz for many cellular 
systems. Of course, the larger the spread, the better the diversity. Therefore, a general 
goal in such cases is to maximize the spread. 

Figure 9 illustrates exemplary cluster formats for coherence clusters and diversity 

20 clusters for Cells A-C. Referring to Figure 9, for cells A-C, the labeling of frequencies 
(subcarriers) indicates whether the frequencies are part of coherence or diversity clusters. 
For example, those frequencies labeled 1-8 are diversity clusters and those labeled 9-16 
are coherence clusters. For example, all frequencies labeled 1 in a cell are part of one 
diversity cluster, all frequencies labeled 2 in a cell are part of another diversity cluster, 

25 etc., while the group of frequencies labeled 9 are one coherence cluster, the group of 
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frequencies labeled 10 are another coherence cluster, etc. The diversity clusters can be 
configured differently for different cells to reduce the effect of inter-cell interference 
through interference averaging. 

Figure 9 shows example cluster configurations for three neighboring cells. The 
5 interference from a particular cluster in one cell are distributed to many clusters in other 
cells, e.g., the interference from Cluster 1 in Cell A are distributed to Cluster 1, 8, 7, 6 in 
Cell B. This significantly reduces the interference power to any particular cluster in Cell 
B. Likewise, the interference to any particular cluster in one cell comes from many 
different clusters in other cells. Since not all cluster are strong interferers, diversity 
1 0 clusters, with channel coding across its subcarriers, provide interference diversity gain. 
Therefore, it is advantageous to assign diversity clusters to subscribers that are close 
(e.g., within the coherent bandwidth) to the cell boundaries and are more subject to inter- 
cell interference. 

Since the subcarriers in a coherence cluster are consecutive or close (e.g., within 

1 5 the coherent bandwidth) to each other, they are likely within the coherent bandwidth of 
the channel fading. Therefore, the channel gain of a coherence cluster can vary 
significantly and cluster selection can greatly improve the performance. On the other 
hand, the average channel gain of a diversity cluster has less of a degree of variation due 
to the inherent frequency diversity among the multiple subcarriers spread over the 

20 spectrum. With channel coding across the subcarriers within the cluster, diversity 

clusters are more robust to cluster mis-selection (by the nature of diversification itself), 
while yielding possibly less gain from cluster selection. Channel coding across the 
subcarriers means that each codeword contains bits transmitted from multiple 
subcarriers, and more specifically, the difference bits between codewords (error vector) 

25 are distributed among multiple subcarriers. 

More frequency diversity can be obtained through subcarrier hopping over time 
in which a subscriber occupies a set of subcarriers at one time slot and another different 
set of subcarriers at a different time slot. One coding unit (frame) contains multiple such 
time slots and the transmitted bits are encoded across the entire frame. 

30 Figure 10 illustrates diversity cluster with subcarrier hopping. Referring to 

Figure 10, there are four diversity clusters in each of cells A and B shown, with each 
subcarrier in individual diversity clusters having the same label (1, 2, 3, or 4). There are 
four separate time slots shown and during each of the time slots, the subcarriers for each 
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of the diversity clusters change. For example, in cell A, subcarrier 1 is part of diversity 
cluster 1 during time slot 1, is part of diversity cluster 2 during time slot 2, is part of 
diversity cluster 3 during time slot 3, and is part of diversity cluster 4 during time slot 4. 
Thus, more interference diversity can be obtained through subcarrier hopping over time, 
5 with further interference diversity achieved by using different hopping patterns for 
different cells, as shown in Figure 10. 

The manner in which the subscriber changes the subcarriers (hopping sequences) 
can be different for different cells in order to achieve better interference averaging 
through coding. 

1 0 For static subscribers, such as in fixed wireless access, the channels change very 

little over time. Selective cluster allocation using the coherence clusters achieves good 
performance. On the other hand, for mobile subscribers, the channel time variance (the 
variance due to changes in the channel over time) can be very large. A high-gain cluster 
at one time can be in deep fade at another. Therefore, cluster allocation needs to be 

1 5 updated at a rapid rate, causing significant control overhead. In this case, diversity 

clusters can be used to provide extra robustness and to alleviate the overhead of frequent 
cluster reallocation. In one embodiment, cluster allocation is performed faster than the 
channel changing rate, which is often measured by the channel Doppler rate (in Hz), i.e. 
how many cycles the channel changes per second where the channel is completely 

20 different after one cycle. Note that selective cluster allocation can be performed on both 
coherence and diversity clusters. 

In one embodiment, for cells containing mixed mobile and fixed subscribers, a 
channel/interference variation detector can be implemented at either the subscriber or the 
base station, or both. Using the detection results, the subscriber and the base station 

25 intelligently selects diversity clusters to mobile subscribers or fixed subscribers at cell 
boundaries, and coherence clusters to fixed subscribers close to the base station. The 
channel/interference variation detector measures the channel (SESfR) variation from time 
to time for each cluster. For example, in one embodiment, the channel/interference 
detector measures the power difference between pilot symbols for each cluster and 

30 averages the difference over a moving window (e.g., 4 time slots). A large difference 
indicates that channel/interference changes frequently and subcarrier allocation may be 
not reliable. In such a case, diversity clusters are more desirable for the subscriber. 
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Figure 1 1 is a flow diagram of one embodiment of a process for intelligent 
selection between diversity clusters and coherence clusters depending on subscribers 
mobility. The process is performed by processing logic that may comprise hardware 
(e.g., circuitry, dedicated logic, etc.), software (such as that which runs on, for example, 
5 a general purpose computer system or dedicated machine), or a combination of both. 
Referring to Figure 1 1, processing logic in the base station performs 
channel/interference variation detection (processing block 1101). Processing logic then 
tests whether the results of the channel/interference variation detection indicate that the 
user is mobile or in a fixed position close to the edge of the cell (processing block 1 102). 

10 If the user is not mobile or is not in a fixed position close to the edge of the cell, 
processing transitions to processing block 1 103 where processing logic in the base 
station selects coherence clusters; otherwise, processing transitions to processing block 
1104 in which processing logic in the base station selects diversity clusters. 

The selection can be updated and intelligently switched during retraining. 

15 The ratio/allocation of the numbers of coherence and diversity clusters in a cell 

depends on the ratio of the population of mobile and fixed subscribers. When the 
population changes as the system evolves, the allocation of coherence and diversity 
clusters can be reconfigured to accommodate the new system needs. Figure 12 illustrates 
a reconfiguration of cluster classification which can support more mobile subscribers 

20 than that in Figure 9. 

Whereas many alterations and modifications of the present invention will no doubt 
become apparent to a person of ordinary skill in the art after having read the foregoing 
description, it is to be understood that any particular embodiment shown and described 
by way of illustration is in no way intended to be considered limiting. Therefore, 

25 references to details of various embodiments are not intended to limit the scope of the 
claims which in themselves recite only those features regarded as essential to the 
invention. 
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CLAIMS 

We claim: 

1. A method for subcarrier selection for a system employing orthogonal 
frequency division multiple access (OFDMA) comprising: 

5 a subscriber measuring channel and interference information for a plurality of 

subcarriers based on pilot symbols received from a base station; 
the subscriber selecting a set of candidate subcarriers; 
the subscriber providing feedback information on the set of candidate 
subcarriers to the base station; and 
1 0 the subscriber receiving an indication of subcarriers of the set of subcarriers 

selected by the base station for use by the subscriber. 

2. The method defined in Claim 1 further comprising the subscriber 
continuously monitoring reception of the pilot symbols known to the base station and 
measuring signal-plus-interference-to-noise ratio (SINR) of each cluster of 

1 5 subcarriers. 

3. The method defined in Claim 2 further comprising the subscriber 
measuring inter-cell interference, wherein the subscriber selects candidate subcarriers 
based on the inter-cell interference. 

4. The method defined in Claim 3 further comprising the base station 
20 selecting subcarriers for the subscriber based on inter-cell interference avoidance. 

5. The method defined in Claim 2 further comprising the subscriber 
measuring intra-cell traffic, wherein the subscriber selects candidate subcarriers 
based on the intra-cell traffic load balancing. 

6. The method defined in Claim 5 further comprising the base station 
25 selecting the subcarriers in order to balance intra-cell traffic load on each cluster. 

7. The method defined in Claim 1 further comprising the subscriber 
submitting new feedback information after being allocated the set of subscribers to 
be allocated a new set of subcarriers and thereafter the subscriber receiving another 
indication of the new set of subcarriers. 

30 8. The method defined in Claim 1 further comprising the subscriber 

using information from pilot symbol periods and data periods to measure channel and 
interference information. 
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9. The method defined in Claim 8 wherein the subscriber selects 
candidate subcarriers based on the SINR of a cluster of subcarriers and a difference 
between measured power corresponding to each cluster during pilot periods and 
measured power during data periods. 
5 10. The method defined in Claim 9 further comprising the subscriber 

using the power difference to distinguish, during selection, clusters of subcarriers 
having substantially similar SINRs. 

1 1 . The method defined in Claim 8 further comprising the subscriber 
using information from pilot symbol periods and data traffic periods to analyze 

1 0 presence of intra-cell traffic load and inter-cell interference. 

12. The method defined in Claim 1 wherein the pilot symbols occupy an 
entire OFDM frequency bandwidth. 

13. The method defined in Claim 12 wherein at least one other pilot 
symbol from a different cell transmitted at the same time as the pilot symbols 

1 5 received from the base station collide with each other. 

14. The method defined in Claim 1 further comprising the base station 
selecting the subcarriers from the set of candidate subcarriers based on additional 
information available to the base station. 

15. The method defined in Claim 14 wherein the additional information 
20 comprises traffic load information on each cluster of subcarriers. 

16. The method defined in Claim 15 wherein the traffic load information 
is provided by a data buffer in the base station. 

17. The method defined in Claim 1 wherein the indication of subcarriers 
is received via a downlink control channel. 

25 18. The method defined in Claim 1 wherein the plurality of subcarriers 

comprises all subcarriers allocable by a base station. 

19. The method defined in Claim 1 wherein providing feedback 

information comprises arbitrarily ordering the set of candidate of subcarriers as 

clusters of subcarriers. 
30 20. The method defined in Claim 19 wherein arbitrarily order candidate 

clusters comprise clusters in an order with most desirable candidate clusters being 

listed first. 
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21 . The method defined in Claim 19 wherein the feedback information 
includes an index indication of a candidate cluster with its SESfR value. 

22. The method defined in Claim 21 wherein each index is indicative of a 
coding and modulation rate. 

5 23. The method defined in Claim 1 wherein providing feedback 

information comprises sequentially ordering candidate clusters. 

24. The method defined in Claim 1 further comprising the subscriber 
sending an indication of coding and modulation rates that the subscriber desires to 
employ for each cluster. 
1 0 25. The method defined in Claim 24 wherein the indication of coding and 

modulation rates comprises an SINR index indicative of a coding and modulation 
rate. 

26. The method defined in Claim 1 further comprising: 

the base station allocating a first portion of the subcarriers to establish a data 
1 5 link between the base station and the subscriber; and then 

the base station allocating a second portion of the subcarriers to the subscriber 
to increase communication bandwidth. 

27. The method defined in Claim 26 wherein the base station allocates the 
second portion after allocating each subscriber in the cell subcarriers to establish a 

20 data link between the base station and said each subscriber. 

28. The method defined in Claim 26 wherein, due to subscriber priority, 
the base station allocates the second portion before allocating each subscriber in the 
cell subcarriers to establish their data link to the base station. 

29. An apparatus comprising: 

25 a plurality of subscribers in a first cell to generate feedback information 

indicating clusters of subcarriers desired for use by the plurality of subscribers; and 
a first base station in the first cell, the first base station performing subcarrier 
allocation for OFDMA to allocate OFDMA subcarriers in clusters to the plurality of 
subscribers based on inter-cell interference avoidance and intra-cell traffic load 

30 balancing in response to the feedback information. 

30. An apparatus comprising: 

a plurality of subscribers in a first cell to generate feedback information 
indicating clusters of subcarriers desired for use by the plurality of subscribers; and 
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a first base station in the first cell, the first base station to allocate OFDMA 
subcarriers in clusters to the plurality of subscribers; 

each of a plurality of subscribers to measure channel and interference 
information for the plurality of subcarriers based on pilot symbols received from the 
5 first base station and at least one of the plurality of subscribers to select a set of 
candidate subcarriers from the plurality of subcarriers, and the one subscriber to 
provide feedback information on the set of candidate subcarriers to the base station 
and to receive an indication of subcarriers from the set of subcarriers selected by the 
first base station for use by the one subscriber. 
10 31. The apparatus defined in Claim 30 wherein each of the plurality of 

subscribers continuously monitors reception of the pilot symbols known to the base 
station and the plurality of subscribers and measures signal-plus-interference-to-noise 
ratio (SINR) of each cluster of subcarriers. 

32. The apparatus defined in Claim 3 1 wherein each of the plurality of 
1 5 subscribers measures inter-cell interference, wherein the at least one subscriber 

selects candidate subcarriers based on the inter-cell interference. 

33. The apparatus defined in Claim 32 wherein the base station selects 
subcarriers for the one subscriber based on inter-cell interference avoidance. 

34. The apparatus defined in Claim 31 wherein each of the plurality of 
20 subscribers measures intra-cell traffic, wherein the at least one subscriber selects 

candidate subcarriers based on the intra-cell traffic load balancing. 

35. The apparatus defined in Claim 34 wherein the base station selects 
subcarriers in order to balance intra-cell traffic load on each cluster of subcarriers. 

36. The apparatus defined in Claim 30 wherein the subscriber submits 
25 new feedback information after being allocated the set of subscribers to receive a 

new set of subcarriers and thereafter receives another indication of the new set of 
subcarriers. 

37. The apparatus defined in Claim 30 wherein the at least one subscriber 
uses information from pilot symbol periods and data periods to measure channel and 

30 interference information. 

38. The apparatus defined in Claim 30 wherein the at least one subscriber 
selects candidate subcarriers based on SINR of the cluster and a difference between 
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measured power corresponding to each cluster during pilot periods and measured 
power during data periods. 

39. The apparatus defined in Claim 38 wherein the one subscriber 
distinguishes, during selection, cluster of subcarriers having substantially similar 

5 SINRs based on the power difference. 

40. The apparatus defined in Claim 38 wherein the at least one subscriber 
uses information from pilot symbol periods and data traffic periods to analyze 
presence of intra-cell traffic load and inter-cell interference. 

41 . The apparatus defined in Claim 38 wherein the pilot symbols occupy 
10 an entire OFDM frequency bandwidth. 

42. The apparatus defined in Claim 41 wherein at least one other pilot 
symbol from a different cell transmitted at the same time as the pilot symbols 
received from the base station collide with each other. 

43. The apparatus defined in Claim 30 wherein the base station selects the 
1 5 subcarriers from the set of candidate subcarriers based on additional information 

available to the base station. 

44. The apparatus defined in Claim 43 wherein the additional information 
comprises traffic load information on each cluster of subcarriers. 

45. The apparatus defined in Claim 44 wherein the traffic load 
20 information is provided by a data buffer in the base station. 

46. The apparatus defined in Claim 30 wherein the indication of 
subcarriers is received via a downlink control channel between the base station and 
the at least one subscriber. 

47. The apparatus defined in Claim 30 wherein the plurality of subcarriers 
25 comprises all subcarriers allocable by a base station. 

48. The apparatus defined in Claim 30 wherein the plurality of subscribers 
provide feedback information that comprises an arbitrarily ordered set of candidate 
subcarriers as clusters of subcarriers. 

49. The apparatus defined in Claim 48 wherein arbitrarily order candidate 
30 clusters comprise clusters in an order with most desirable candidate clusters being 

listed first. 

50. The apparatus defined in Claim 48 wherein the feedback information 
includes an index indication of a candidate cluster with it SINR value. 
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51. The apparatus defined in Claim 50 wherein each index is indicative of 
a coding and modulation rate. 

52. The apparatus defined in Claim 30 wherein providing feedback 
information comprises sequentially ordering candidate clusters. 

5 53. The apparatus defined in Claim 30 wherein the one subscriber sends 

an indication of coding and modulation rates that the one subscriber desires to 
employ. 

54. The apparatus defined in Claim 53 wherein the indication of coding 
and modulation rates comprises an SINR index indicative of a coding and 

1 0 modulation rate. 

55. The apparatus defined in Claim 30 wherein the base station allocates a 
first portion of the subcarriers to establish a data link between the base station and the 
subscriber; and then allocates a second portion of the subcarriers to the subscriber to 
increase communication bandwidth. 

1 5 56. The apparatus defined in Claim 55 wherein the base station allocates 

the second portion after allocating each subscriber in the cell subcarriers to establish 
a data link between the base station and said each subscriber. 

57. The apparatus defined in Claim 55 wherein, due to subscriber priority, 
the base station allocates the second portion before allocating each subscriber in the 

20 cell subcarriers to establish their data link to the base station. 

58. A method comprising: 

the base station allocating a first portion of the subcarriers to establish a data 
link between the base station and the subscriber; and then 

the base station allocating a second portion of the subcarriers to the subscriber 
25 to increase communication bandwidth. 

59. The method defined in Claim 57 wherein the base station allocates the 
second portion after allocating each subscriber in the cell subcarriers to establish a 
data link between the base station and said each subscriber. 

60. A base station comprising: 

30 means for allocating a first portion of the subcarriers to establish a data link 

between the base station and the subscriber; and 

means for allocating a second portion of the subcarriers to the subscriber to 

increase communication bandwidth. 
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6 1 . The apparatus defined in Claim 60 wherein the base station allocates 
the second portion after allocating each subscriber in the cell subcarriers to establish 
a data link between the base station and said each subscriber. 

62. An apparatus comprising: 

5 a plurality of subscribers in a cell; and 

a base station in the cell, the base station to perform subcarrier allocation for 
OFDMA to allocate OFDMA subcarriers in clusters to the plurality of subscribers 
based on inter-cell interference avoidance and intra-cell traffic load balancing. 
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[ If * m l ] 

iSMit^fJf (OF DMA) *«ffllT^5i'^f iOftftOt^^+'J 

finA#*7 i«i^6gf Lft/Wo-y HEf tltJ^T, «SOt7*t'J7lco^T 

ft*;l/Stffi fit IB « ffll gtSSii:, 

MfBfinAlf £7 M^7^-v U 7<D*v F SljRtSllii:, 

M fH fin A « £7 il«it;+t'J7Ct^ F £ H -r S 7 - F ^ y * ff IB * M IE « ±fi M 
ffi fH fin A m , MfHfinA*ffl£LTMfBa*Ji£J;DllK2nfcMfB^7^y7©-fe^ 
[ff 2 ] 

M fH fin A # , ifEIiltioTKjino/Wny F m *t © § m % m m m £ - 7 - L T 

, t7^t!J7l?)#^7X^(?)I^)tt = Fi+/l'XJt ( signal-plus-interference-to-no 
ise ratio) ( S I N R) Sfflg t 5 adSKc^/uT?^ 5 £ i:*#f 1 £ 

f 3 fc © 7? S o 
[ff M 3 ] 

M fH fin A * -t? ;l/ IB 7 p * $J 5£ 7 § © Pi * M £ # ^ T* D . tu f B fin A # it . -fe ;F IS 7 p £ 

a -3 ^ r fi a ^ 7 * + u 7 * m u ■? a c £ * # m £ t s f f * m z £ f b « © tj ?£ 0 
[i*54] 

iieiil^, t;Hlfi@I£l^^tmEiDAft^7^t'J7?;IKt5g^^I 
£^?^3C££M£73ff*^3£fBfc©73?£o 
[ff M 5 ] 

M fH fin A m * )]/ ft V =7 7 4 v ^ £ $J S 7 3 S ^ £ H £ ^ A, D , tu fH fin A # f± M fH -& 
71/ ft F =7 7 ^ 7 * D - F (D ^ v > X ft 0 £ £ -3 ^ T £ ffi 7 * -V U 7 * » ft 7 S £ t * # 

[ff 6 ] 

M fH S ifi , #^X#©^;l/ftF^7^y^n-F©^>x«3fci&£MfBt>-7 
[ ff * 31 7 ] 

M fH fin A m it , MIHftlAf Ot7 h*fJ5 3T6nft«, ILl^7+t'J70t7 ho 

w mj £ s # s ft » £ *f l ^ 7 ^ - f ^ ? >? m is * m m -r s © re t , m ib fin a # # 

s M fH fr L ^ -9- 7 * + U 7 © -fe 7 hOSiJOS^*Sitsaifc*Ili:^A;T?^8i:i:* 

# ® i: -r s ff m m i t IE m © 75 s „ 
[ ff * m s ] 

M fH fin A m ^ , ^ * ;l/ & tf T P ft IB * iJ S f S fc 46 fc , / W n v MH ^ IB m R V r - # 

[ ff * m 9 ] 

MfHfinA^tt, f7^t'J7O77X?0S I NRL 4 u y V m^Q* & Z 7 * Z 

*f js -r § w s * n /c >\ v - 1 x - # ffi n tfi (D m s * n tc 7 - © m © m i: t a -3 ^ r , fg 

[ff 1 0 ] 

M fH fin A m ft . IRCllc, HKWt^aftS INR^|f5t7 + t'J70^7X« 

k gij -r s 46 1 . m fH a 7 - m * m ffl -r s m m * m t # a, -e ^ 5 c ^ * # ® t r s ff * 11 

9 £ fH ic © 7? j£ o 

[ f n m m 1 1 ] 

m fH fin A m ^ , ■fe;l/|*iF^7^^^n-Fi:-t:;H^ z FP«>#ft^^*frs/tJ6t, /Wo 
y F f H # ffi i: 7 - * F ^ 7 -i v ? M m 5 © ff IB Z ffi ffl f S g pg * H £ # A ^ S d i: 

* # ® i: 7 S f f * m 8 £ f H ft © 7? ffi o 
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[ ft * m i 2 ] 

7 M3#f±, OFDMflSSf«fifft%fi6SCi:*#aJ:tS||*f It 
f H ic © 7a S o 
[ If M 1 3 ] 

MIBS±-ftjg SSf Sfift/Wov h E# i: ^ Bf tgt * ft S * S * ^ S> © 4> * < t 
fe 1 O CD ffi CD / W D V MB # tt , 5^tf^tSct^#ifct§iSll 2 ib « © 7j 

So 

[IfM 1 4 ] 

So 

[ ft * II 1 5 ] 

M IE is in ft lg a , ^/^ty/c^^x^tits h ^ ? * v * o - F ft m * ^ h -? ^ 
% c tzt^rdtr %msm i 4 1 ib » <d 73 a 0 
[ t t * « 1 6 ] 

M IB h 7 7 w y * n - F If ffi (± , 15 IB M ±fi m <D x - * / W 7 r lc i ^ T ffi « 2 ft % d i: % 
[ ft * « 1 7 ] 

iiEt7*^Fty7og^!i, ^ > u y * m m f - * * ^ * /r l t g it 2 n s z. t * m m t 

[If M 1 8 ] 

Sdfc^^StfcfSll^^l ic IB R <D 73 £ 0 

[ ft * m i 9 ] 

M ib 7 ^ - f ^ ? if ?b ^ m ^- s is Pi a , ^^turcfiaot^ h**7 + ir'j7 

© * 7 X * i: L T ffi « £ li # ft W § m m 5 ®L 3 C i: * # i: f 3 If * m 1 IB K © 73 ffi 

[ ft * m 2 o ] 

M ib ffi » « # © £ ffi * 7 x * a , ifea$L^i«^7x^^tijt«i?n§nfftM 

/off *7^*fr6i8i:i:*#tJ:t81*ii 9£|Ei©ja 0 

[If M 2 1 ] 

M IB 7 4 - F ^ ? * If $8 tt - m ffi t "7 X * £ S I NRii:«l:a^t8>fyfna** 
^•A.Tf^SCi:*#ai:-rsiS*«l9tlS«0^ffio 
[ ft * II 2 2 ] 

m ib # -r > r * x a , # ^ ft & tf s mm a * * l t ^ 5 d ^ # # ^ -r § it * 11 2 1 t ib 
m © 7? s o 
[ ft * 11 2 3 ] 

m ib 7 ^ - f a v v * m « t % m m a , « a ^ ^ x ^ * j« ^Mt^giA^usc^i 

® i: f s ft * 11 1 id IB m © 73 ri o 

[ If * II 2 4 ] 

M ib m a # ^ , @#^#^7x^fcsffl*3fa-rs^^fb&tf^iii5SS©a^*j2iM'rs 

[ If * II 2 5 ] 

MIBffF^ft&tf^iSMitcDa^a, ft^lftMlEMS^-f S I N R^yfn^5)S 
S d i:*#ti:tSlS12 4ic|B«<D7Jffio 
[ If * II 2 6 ] 

M IB S ±4 M ^ , M IB ^ 7 ^ U 7 <D ^ 1 35 ^ * i J D S T T M IB S M m t M IB » A # © ic 

mmmmmtiK mib+>-7^^ v mm 2 ^^^mib»a# tfj d s ttii ^«s*i£jf 
a s Pi , *Mt-g-A,T?^scfc*#®fc^-aii*«i t ib m cd 73 a 0 
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[ ft * m 2 7 ] 

M ib a m m a , t/^c^snAit^/^+'J/^fj^tTifHiiittSfs^snAf 

©F^fc U 7 7 £M AftM, MM2^#£fJ93T?>;iA£:MAf-£MiI 

2 6£!EiOSS 0 
[ ft * II 2 8 ] 

An a * © u 9c m ffi t «t -3 t , tt i e a ±fi m n , -b^flo^jnAtt-it^^t'jT^ij^t 

T M IH » ±fi IS ic ft T Z> x - * 'J y Z %MiLT Z>mlC M IH II 2 gp A v £ f rj D 3 T S d A * # 

® a f a ft * « 2 6 t ta « © ^ ffi o 

[ft M 2 9 ] 

£ £ fiSc -T S , SHr;^Ci»OinAti:, 

ffi^ tl-j't, M IH ft S © An A # ic M L T 7 v X * ft © 0 F D M A t 7* t U 7%I 5 3 

r % tc 46 k: , 0FDMAffl©t^*ty7iJs*R&a« mam 1 ^ ^<om 1 mmm t 

[ft 3 0 ] 

% ifc CD AD A # ffi ffl £ a A, T? ^ 3 -9- 7 * + U 7 © * 7 X X * H ^ f S 7 4 - F ^ -7 * ft 16 
£ £ S , SHr;l/flci»OinAti:, 

t&K«ft<OfiHA#fc*fLT\ {'7Xiifl(DOFDMA*7tt I J7*«D3T8, MIEU 
1 t^fiCSHilt, ^litfe^ 

M IE % ft <D An A # » , ftifti, KIIESlIifiI^5SfLft/Woy hBftltJ^T 
MIEf*ft©77^ U 7tSt 3t^*;1/MTMM$iJSL, MfEftft© An A# <D 5 
•5 cD 4> * < A fe 1 Ali M I B « ft (D 7 7 * + U 7 6 « fit 7 7 * *• V 7 © v hZMtRL 
, M IB 1 A CD AfJ A m f± , M IB 48 ffi 7 7 * U 7 (D -fe 7 h £ Ml f 3 7 - K ^ 7 * if $g £ M 

ib a fa t a « l t , m ib i a cd An a m # fs ffl -r a ± 5 t m he m 1 a * a # m e 7 7 * * 

t51l» 
[ ft * II 3 1 ] 

MIB*iSc<DAnA#t±, ftifti, tGIBa±fi^Rt;MIB*ftcDAnA# £ A r> TffiftO/W o 

Xi± (signal-plus-interference-to-noise ratio) (S INR) S C i 

A -T S ffi * 31 3 0 IC IE « © S « o 
[ ft * II 3 2 ] 

15 IB * ft <d An A m » , fnfn, -t? ;i/ fa t P M S l , A a < a 1, 1 a <d An a # a , M IB 
■t ;i/ t if ic a -5 ^ r m m 7 7 ^ v 7 * s s? ■r s d t ^ # « t -r s ft * 11 3 1 t ib » © 

ii. 

[ ft * 11 3 3 ] 

M ib a m m f± , -t? ^ k =f p © n tc a ^ r 15 ib 1 a © An a # m © 7 7 ^ * u 7 * s & f s 
ciA^#®A-rsif*ii3 2 1 1 e « © s » o 

[ it * II 3 4 ] 

M IB ^1 ffc © An A # f± , ^ n € ft , t)l/fih77^^*I£b, M IB 4> & < A 1 A © An 
A # f± , MIB-fe;Vrth77^7^n-F^^yX^D£a^^T^ffi77^-vU7^SK 
tSJli:S#f tt51^a3 ltfiCSf, 
[ ft * II 3 5 ] 

MIBa±t!3Mtt, *7 + t'J7(Q#^7X^(Dir;l'fih77-f7^n-FC^7yX5|§ 
[ ft * II 3 6 ] 

M IB An A # f± , M IE An A # © ^ 7 h * fj D S T 5 ft fc % , §t L ^ 7 7 ^ V 7 © -t? -7 h * 
Sffi'TS/'ci&tcSfH/^'f-K^y ^t»IB*afBL. MIBf? L^77^-¥ U 7© 

■fe^ h©gij©a^^SffrsiiA^#i![A-rsi»5f<]i3 o tisosi. 
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[ ft * m 3 7i 

ME^*<i:felA©finA#f±, f- *r * )V R tf T & If Wt * M 5£ f 5 ft *6 fc , h IB 

[ ft * II 3 8 ] 

M IB % < i: l A © fin A # a , ^X^OS I N R L /Wny h«Hf©#i'7Xi' 
[ft M 3 9 ] 

tu f E 1 A <0 fin A * > k ft © H , HMt^SI&S I NR*ft8t7tt'J7C{'7 
X^^MfH/W-Mta^^TKgiJ-r?»Ci:^!ff®i:-r?»ff*iI3 8tfHi(©SKo 
[ ft * il 4 0 ] 

MIB^ft < i: fe 1 A ©fin Al a , h v 7 y * p - F t -t? ;1/ IS TP ©#ft£##rf 

S 46 t , / W n y h fH ^ IB m t -f - * F 7 7 ^ y * jgj fig ^ 5 © If fg * fig ffl f a d i: % # 
® i: f S ft * il 3 8£iei©Sf. 
[ft M 4 1 ] 

MfH/Wn^MH^tt, OFDMB$g[?if)Si^tt* [ 5»!)5i:i:S#®i:'r51Sa3 8 
[ ft * II 4 2 ] 

MfiI«ifr5SiSnft/WD7 MB # m Bf lc g ft 2 ft H & a -fe ;l/ 5 (D 'J> ft < i: 
t, loolO/Wny hfi^tt, 5 t m m t a d t * # it i: T 5 ft * * 4 1 IB fc <D g 

Bo 

[MM 4 3 ] 
[ ft * II 4 4 ] 

M IB ii fin if is a , *7+t'j7o»^7X^tit§ h =7 7 * 7 * n - f if m 5 wl a <i 
i:^#®i:-raff*ii4 3tiicii 0 
[ ft * 11 4 5 ] 

M IB F 7 7 v * n - F ft IB a , iiei«i©f-^A7 7rt j;f38«?nSc^f 
« i: -T S ffi * 31 4 4 ic IB « © S « o 

[ ft * II 4 6 ] 

ttf IE +f 7 * * U 7©Ma, fGIBMJi i: fulB^ft < i: €>fufB4>fc < t fe 1 A©finA«© 
^©^7yyy^M®A^^wl/^/rbTSff^ft5Ct^#|S;t-r5fl*iI3 0ic:fBK© 
Si. 
[ ft * II 4 7 ] 

M IB m &. © -9- 7' * + U 7 a , I«!li!i'aiD3T8Ci:©?*84TiDt7^t'J7^5jS 
5<:i:§#ti:t3||*S3 O fc IB » © S « 0 
[ ft * II 4 8 ] 

M IB % a © fin A m a , ^^t+yTcf^x^tLTttiti^fiH^nft is mv?** 

©8i. 
[ ft * II 4 9 ] 

M IB ffi « « © fi a ^ ^ x ^ a , itasL^M^x^tfiffltii^nsiwti 

[ ft * II 5 O ] 

M IB 7 - F ^ v 7 'If IS a , i«^7X^^S I NR«i«£g^tS^^fi'Xl^4 
[ ft * II 5 1 ] 

MIB#^ y 7* 7 7 affF^fbRtf LT^ Scfc§#iittSiS55 O icfi 

©8i. 
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[ ft * m 5 2 ] 

M IB 7 i" — F/W *fll?B*«#f 5 c fcf±, ££J«M^;g> t fc^SfigS d 

*#Sfcf5iS#«3 0 £ 13 ft CD S fit o 

[ ft * m 5 3 ] 

#®i:T?>ti*iI3 otssogi. 

[ ft * II 5 4 ] 

J:^#SfctSiS«5 3 £ f B 8 <D S H! 0 

[ ft * m 5 5 ] 

mmmmmtK m t h ^ 7 * + y 7 © m 1 sp # * s j d a r r m ib a * m t m t h ft a # © is £ 

x - # U > * £ 5t £ L , & ^ , m IB ^ 7 * U 7 © H 2 g|S ^ v tk M IB ft A # £ fJ D 3 T T 
aM«tH^J/afSd^£M^TSfiM30£IEit©SiSo 
[ ft * il 5 6 ] 

iEliiii, -fe ;l/ ft cd # ft A # £ ^ 7 4^ * y 7 % M 0 a T T M 12 S ±ft il i: M IB # ft A # 

cd us £ x - * y y * £ m & l ft % £ , ts ib m 2 gp # * s a d a t s c t * # & 1 1 % ft * 11 

5 5£fBI©gf„ 
[ ft * 5 7 ] 

fiHA#<£>«$fclgffifc«fc t> T, fulBMJiti, ■fe;l/F f 3<D#ftA# t tf7 3r + y 7£fJ D ST 

r m ib a ifi t m -r s t* - # y > * * m ±l t m £ , tu ib m 2 gp # * t >j t> a r § c £ % # 

©^SliM 5 5£|B«cDS«o 
[ ft * 51 5 8 ] 

mmmtK v-?** v t<d% 1 <d gp # * $ 0 0 a t t m ib a m m t m ib ft a m © m £ 7* - * 

'jy^SlitSSBi, ^ T? 

MIBSiS^^, ifi^^+t U 7<D?g 2 g^£MIBftA#£ffl D 3 T T 3 ft W & ig * Ja If 
SSI!:, fr5$S<:i:£f#«i:f3;£S;o 
[ If * 51 5 9 ] 

M ib m m m t± , -t ^ © # ft a # t ^ 7 * u 7 £ t ij o a t t tu ib m m % t m ib # ft a # 
t cd n t x - # y y ^ * m n l ^ % , tG ib m 2 » * t y 0 a t 5 c t * # » 1 1 s it * « 
5 7 1 ib m <d is m 0 

[ I* * II 6 0 ] 

a ft W « tM * IS ff S re J6 £ tu f B -9- 7 ^ ^ y 7 cd H 2 © M ft * ft A # £ S (J D a T S /c a& © ¥ 
[ ft * il 6 l ] 

M IB a ±4 m f± , -fe ;i/ ^ © # ft A # £ -y- 7 + -v y 7 ^ f ij y a T T tu f B S ±fi m t M IB # ft A m 
<D m £ 7* - * y > * 51 A L fc & , iff HE $ 2 » £ f ij D a T S d i: # « i: f S ft * « 6 

o £ ib m m m m 0 

[ ft * II 6 2 ] 

-t? ;i/ ^ © ^1 SSc © ft a # t , 

t;I/STP@Ii:t;l/flh77-f •yi'n-F/^yxiRDtl'JS, M IB «E iSc © ft A # £ 
»bTj'7Xi'ftO0FDMAt7*t 1 J7*IIDST8ft»k:, O F DM AM©^^^ 
•y y 7 fJ a * ft 5 , M IB -fe ;l/ ft <D S « ^ , ^fit^SC^ItttSSio 

[ is m cd # id ft m m 1 

[OOOl] 

^?%mi±, mmmm<Dfrm\c m l, j= d sub ti . «^M?^ic^fj^«ft (o 

f dm) ^i-3t^s^it;v^iinAf ii->xf AtitSo 
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[ 0 0 0 2 ] 

w.3immmftm^n{t (of dm) a, jissiKttf %mm ?%m<Dmmm 

Km MffLtgi?n§„ i5|L<(t C i m i n i , Jr. £ ± S r H 3£ H « 

&tt$l&n<\:*&vrc7*i?Z fr&Wl?* *fr<Dftft£i/ 5. als-^ a IEEE Tr 

ans. Commun. COM-3 3i, f7^|, 1 9 8 5 ^7^ 6 6 5 - 7 5 1; C 
hung&tfSol lenbergerlCfcS r3 G?:iiT : O 
hSJStl-jXEf «iSf-^7^tXj I E E E a 5 x. =. >r - 5/ a y X v # V y , m 

38#,H7^f, 7 8 - 8 7 g. 2 0 0 0 ^7)!. ^#Unftl/\ 10 
[ 0 0 0 3 ] 

mftm&nr * -t?x (tdma) it3£HM#fJ^«7 ? -t?x (ofdma) » 

, OFDMOl*W7t-V7 t-^ifflbfc^l7HX(DgljOjaffeS„ OFDMA 
-Z? f± , ^ ft © to A # , M % ft # f 'J £ « 7 * -b X ( F D M A ) £ S ffl L ft; S 3 t\ H & S 
•9" 7 3r * U 7 * Bf t fig if T S o <fc t> f¥ L < t± , Sar i Stf K a r a mt J: 5 r H £ H 
Mft#fJ^M77^XMCATV^yh7-7^©*©}afflJ . fU35a^^-S/3 
y|C|f53-nt7>F7>f^i'3y i 1 9 1 ( 6 ) , 5 0 7 - 5 1 6 1, 1 998 
¥ 1 1^/1 2^ SffNogue r o 1 e s, Bossert, Donder.&tfZ 20 
y a b 1 o v t i§ r^y^'AO F D M Af ftll^Xf A©E*f ttiJ IEEE VT 
C ' 9 8C#S, 2 5 0 2 - 2 5 0 6 1, £ # 81 2 ft ft ^ o 
[ 0 0 0 4 ] 

£ « m m t± m a ft a s? tt 7 x - 7 y ^ * ?i t m c -r 0 f t^^y^ya, tnfnot^ 

ft !^ 0 fe5»A«t^ttt7i--y*yyA^tl^7+t'J7t't, g(J © to A # i: -d 

TttSf^f- + *;i/y^ry*affi , rsJi#t>*So a^t, o f d m a x f a t? a , # to 
rntfffiiJ#T?*So <fc ^ t¥ l < a , wongitis rjajsst>-7 + ^U7, tr 7 h & 

tf^y-US^iiftV/l/fa-f-O F DMJ IEEE J. Select. Area 30 
s Commun. H 7| (1 0) , 1 747-1 1 58f, 1 9 9 9 *1 0^, S# 
81 2 ft ft ^ o 
[ 0 0 0 5 ] 

1 O © -fe ;l/ O tfi T? , #iA#^0 F DMAfl«H&5*7+t 'J7i&f tSi^tilt- 
#iBAf fflOf5|(ia^tix?t§ C ;1/ F*3 =F $ f± 

5& 2 jE # fc ^ „ L L ft 6 , tim&H$SIiffi77y, M^ara-X^^h^^r^ 
I©i8t§t;H?Sfflt§S^, t^flTiOf^I^iStSo O F DMAVXfAt 
*J S -t ;l/ m =F $ fe M i£ ft 3! K tt V h Z> <D {± TO T , -9- 7 * * U 7 © SI JS f J <0 Mt T * ff 
■3 T -t 71/ IS T $ © K $ £ £ f P T % <D ii , ifflSLtf^S. 

[SMCM^] 40 

[fSTO^fllr^L «t v ttssg] 

[ 0 0 0 6 ] 

O F D M A £ M L T 7 3- * U 7 fj 3 % 5 i: ^ 5 1 o 0 7 7 n - f- f± , m & M M it * ^ 
U-y a y T*& % t>\ chtl, ^b;I/ft©^toA#©tT»t 7^wWcKf-§M^M 

ft a ^5 -eft < , m fe © to a m & * v h v - * * m v tc r> m l ^ to a # ^ * 7 h 7 - * t 

1S\t> -d TcX) L /c if ■> *©fiSfcMMft©BfiS^^S£ft So oft iic, toA^ff 
|g^SffTSA-^©#«fsr]Xh^^^Siifk©7'c46©ff'»«M©*^^, iloli-y 

[li^i^t 5 ft i6©#©] 

[0007] 50 
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i/XrAOftfctt^+t'J TmMttn 5 S« 3 ft Tt^ 5 0 ^aftffiM 

t?tt, -/XtA!^ *3£H«M?J^M7 * -feX (OF DMA) *«fflLT^8 0 s£ S ft 
MUT'tt, -9- y 7 »#?©/£ id ©7a ffitt, flnA#tf. lil SSff L fe/W o 7 

it/^tiJ70t7 h^IIJf-SgiJ:, iit^^^'JTOir^ htit 57-f-F 
[ 0 0 0 8 ] 

*ft?>tt, #ISI8&#S©HffiJBffifcl8SL«fc3 fc-TSfcfiDT? 
tt * < , ; tol!ii:ii*ffliJS<:i:K&*IWk:i^t8t)©T?*8o 

[ 0 0 0 9 ] 

^ 7* * + U 7 fj 3 © ft & © , 5j v St M X %ftt tt % fg « L ft 7 7° n - f- fc o ^ T |g TO f S 0 t 
MtLTOFDMA ( 7 v X ^ ) {g o T M "T a 0 L L ft S> 

, * K r£ tt , OFDMA^^-xtts^Xf AtPlg^nsb(K'ii4i\ A K ffi tt , 

-SSKta^i^tU7'>Xf AtlffltSCt* s t#, Mitt, tt'J7tt, OFDM 
A © 7 ^ X ^ , C DMAOKf 3 - F\ SDMA ( S P^5> tO # M 7 7 -fe X ) ©7>rtt* 

-iftHtfts, ^ a m n b m x &± , t^ + t'jTisa, §t;^^si|«tffabn5 

o # -fe ;l/ ft t? » , f@^©ftnA^ (Milt MMfSftif) tStSfJSto^tfe, 
w s i: tt s *f £ , §? l ^ *n a # ^ ^ x x a £ M s ft a an^ M W £ if ft ft a 0 

[00 1 o ] 

7 > U >7f t^-iHciLTtt, § fin A # tt 5 ffl £ £ X © V 7* * U 7 £ O ^ T ^ * * 
;l/£TP©ff MPJSL, ttfi©&^ (Mitt, fl^MTi+y^X'tt (signal-to-inte 
rference plus noise ratio) ( S I N R ) ffi ^ ) % ft © +J" 7" 3- -V U 7 £ & M L T , 
ft 5 W V 7 * U 7 £ M f S 'ft 16 * » ±fi ^ £ 7 -r - F y 7 f a 0 C © 7 -r - F 7 7 
£ tt , ^TO*7^J7tO^TXtt-^©t> + +1''J7Klt!co^t©f^*;btfS 
©If IS (Mitt, fB^lftf TP + 7 Xit (signal-to-interference-plus-noise-ratio) 
If IS ) $ ft S o - © ^ 7" * U 7 ft £ o ^ T © 'If IS * « f S ±1 £ , ftP A # tt , 

ffl « tt tt S X h a X tt flfi © 7* * U 7 J: D t, & T? & 3 i: © a & T? , ffi ffl L ft 
^ V 7 * * V 7 5 HI S £ -9- 7 * * U 7 © U X F ^ m « "T § 0 
[001 1 ] 

» a # ^ e. c: © ft is * s ft -r § £ , a i* m a , a ±fi m x a ¥ w m ft ii to if is , m 

7 * U 7 © F 7 7 ^ -7 * n - F ft IS , S ?S S W « S © » M M X W m * © F 7 7 y ^ U 
7 x x F © M , M M I5c fl? W. ft M & £ m ffl ? ft T ^ ft ^ ^ , R XJ / X fi M A # ^ if ft S H © 
PeS If IS ^ ft * ft T ^ § ^ © ft IS * 5PJ ffl L T , iffi©^^^7*t'J7^I£lKt 

^suss^n-ea, Rgt s^;i/©^7~^ u >^tf is t , mmmmx^ 

m * ft a o a ±« ^ a d © tt is * v f * u 7 s j s £ fg m l t * * m =e m * 1& n t s „ 
[00 1 2 ] 

^sussj^si-efi, 7^- F^-y ^£a^^ra*M^fJS^-v^;i/^3!K-r aisnt l 

T, Mffc/MM©!!?^!? ft t^ft a 0 c© «t d ft ^^ft/SIDSfitt, fSffl£»S 
Ll^^A^fct7*t'J7^#St?g, ^ A # ^ m m L T t, <fc ^ c Mitt, S I N R 
*^5SI (Milf 1 2 d B) «t Dffi^H^, «^fifflS^ff« (Q P S K) M^fSffl 

* ft a ^ , f^^^s^ai 6 a 5 jg <g s is (qam) tfiffljfis. ^ ^ -e , a ±4 m 
tt, »a#£^7'^-¥ u 7fjy§ stf/xtt^M^tia^^ffc/siDSfi^H^-r a 0 
[00 1 3 ] 

S5i»lTtt, aryyv >W7*^ v 7fjS£H-ra7^- ^'ffigtt, 7-7 

7°U>^7^-feX^-¥^;l/^HLTa±fiii£)Mff^na^, Cl ft tt , M^AXn^F 
S £ l/^Bf K , M i tt # 1 05'JtMAXD7 F 1*1 © 4 0 0 ? ^ ^ o t t E t S „ 
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SHS£^H"?f±, 7 * i?X7-¥ *;W±, M$If f i^tt^fiii^o SUfijatt, #+>-7* 
t'J7©777°yy^S I N R £ 7 * -fe X 7 * ;l/ 6 * ffi iR * 7 S d i: # 7 # S 0 7 y 

[00 1 4 ] 
[00 1 5 ] 

«T©M©^77±, 7 -v* ;l/ i: 7 # <Q 7? ?£ , to A# £ Stt^ ^© ft lg 7 ■< - F 

^ y >? © 7a ffi , Stft7^t U7IK©/cJ6tiSI^fMTS7^dy XA^tefeiL 
T , 31 IR m V 7 3- •¥ V 7 fj 3 K o ^ T t, gg ^ T S 0 10 
[0016] 

ixt©m?7±, *M£^f*wtea»LTt> 5 ? rcv>\c&< ©mm^mlt^s 

0 L L % 6 , SiSli:ii@Sta5SJ:5k:, * % TOti C ft ?# S © l¥ M ill % L t ft 
ITSCfctff-^o © M 7 £± , *%i*J6^S^ttSO*2U8ft6lL, m%i<Dm 

stSf^, #itTas< 7'D7^io^i t-^Ln^o 

[00 1 7 ] 

T © f¥ Iffl & §J $ (D M S 3 ft It , a>h°a-^^t'Jfl©T-^H'7 htitSt^b- 
7 a > © 7 ;l/ dT U X A & IB # a II © M £ S * 2 ft T ^ S o C ft 5 7 ;l/ d v x l, w IS j£ 

»iwiLe^sftii)icffiffljnafg7$So fesy^duXAtfcctsbst^, - is 20 

Wttt, 3fI©eS(i:«<f I-lLft«JfOXf , ^'e*Si:#it5ns. X777li 
, »Ii*»I»t»^t8Ci:*^Itt8tC?*8. Ltfcl^fcltfliS^ 
£7 a « f± , LtiSOitt, EH, Sfl, ffi fc * , tti, * © ffi © ^ D 73 T? jft ft 7 S d 

, d ft 5 ft # * , £ v K ft fit , g , E # , J?, * , ifc&Hi:LTH&73©tfM 

[0018] 

7#t wel&^k d , Ei££MilLT, rjaii^sj x t± rf»tsj xft rw»-r 30 
s J x a r f (j s f s j x a ri^t^j & h © ffl fg £ ffi -3 tc m ffl a , 3yt" a -^->xr 

iOV^XJStf^t'JfiOli ( « 7 ) IfcLTia?n§f-^^IffLT, nn' 
a-^^Xf AO^t'JXfib^X^Xtti©^ Oi^rffilH'lgf, £ X fi a ^ S 
Bft7M*^L7^i;7?tM2ft£ffil©7-^fcM75, ny^-^>XrA 

[0019] 

ft © J6 IC # grj t #§ fiSc L T fe «t ^ L , 3 y tf a - ^ ^ Ic E '» 5 ft fc 3 > t° a - * 7° P X 7 

Sa>Ka-^7o^7ia, E@ S f S "Z? f± & l/ 11 tf, 7 n 7 h° - 7 -f X ^ , )^f-f X 40 
7, CD — ROM, StfII)^fVX^?:!l&i6i:t§S SKDSliCfVX^, SE^fHL 
* ffl ^ * U (ROM) , 7>?i77i!X«'J (RAM) , E P ROM, EEPROM 

1 3 y t° a - ^ x 7 a ^ x t m m s ft ^ > t° a - 2 m * 3f d m m m m f* t te ; K * ft 

S o 

[0020] 

c l £ g t § 7 3 y XifitfiSli, #g©3yk" a -$xai«Sii<:**Wl<:| 

1 L 1 1/^5 t) It "fli ft i/ 1 0 # m M ffl >- X 7 A * C C lc JzE ^ 5 ft ^ 1 3p c /c 7° D X 7 A * ffi 
^TffflLtUia, X, ^S^77ffi©X7 7 7 0 ?r^ff7?)/c46tiD#aftL/cSH 
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<Dmmfrzmzfr£%;&"e&z 5. it« # isms a. Mno#s©yn^7Afi§£ii 

[ 0 0 2 1 ] 

mmmfrmv^mmwicii, mm ( m ^ tt a y t° a. - * ) # ^ * is s rt be * ^ n -z? tt m * 

tt , Sn^lXDUffl^^'J (ROM) , 7>?A7nx«'J (RAM) , HfVX7 

o&mm^ (M^tt\ MM, *fl.*8M, 7*s>*;nt#fc£) i«*nt«„ 

[ 0 0 2 2 ] 

c d 1 u f a s #i a , x - * h77^7 7f + 7^ty 7fjgtt ilt^ 

So t ;v 7 - •> x f a t a > fflis , $y m tt fg © s m r x$ m © a m © /= * t * m t s j d s t 

6 ft gtj © x + * ;l/ & 3 o Cft60f- + *;H4, > V y 9 TkT$7 y ~f V y t> M fp f- 

* * ;i/ , 7»^yyj'7i't^ft*;w s xs n m • ju m m m m ? * * ^ * ^ a -z? ^ s £ 

# ^ 0 

[ 0 0 2 3 ] 

Hi AS, *7^t'J7 1 0 1 Ci5ft*SOt7 + l'U7i:i'7Xi' 1 0 2 5gLT^ 

So ^xJiozoi^ft^^Jtt, Hi At^ti^t, 3>ft<ttiooiii9 
^7tt'J7*fitLTl^lia^y htLTS8?n«. 7 ^ X ^ tt , ItLftXii 
fcf 5 5 © 7 + U 7 * U M T % C i: T* * S 0 v X * t Z <D V 7 * t V 7 (D fS <D v 
7H>7"&, agJnt^TtBl*nJlTfe^TUl\ M^tt, ADA 

5 1 2f@©^^^^U7^#A,T-^T, #^7X^tt4fflOiRbftt^*f 'J 7S^A/ 
ffeD, SSWt 1 2 8I077X^S5, 
[ 0 0 2 4 ] 

re a w ^ 7' ^ u 7 / ? ^ x ? t ij a ^ *^ 

Hi Bli, AnA^^©^^X5fija(D7 0 D^X(D^S|ISS^il^^-r7n-H^fe?)o * 
7°n-t?Xtt, a-F7i7 (MxttA Ifflii, HII&fcH) , 77 h 7x7 ( M A tt\ 
ffl3ytfa-^-/XrAX(ilffll«ai:i?i»t§tO) , XttM#©ffi&^fr-£fr5 
j£SSHSHSfc«fc^THfT2ftSo 
[ 0 0 2 5 ] 

Hi B t ^ f" <t 7 t , glilti, t(Ot;l/ ( X tt -t? 7 £ - ) ft © # An A # ^ -f n 7> h 

o f d m m ^ & m w w t m m a ft -r s (m/d^^ 1 on 0 t7>f^y7-^> 
x x a ft # 1 1 ff a ft s ^ ^ d ^ h te # a , m m m t ta a # © ?x 73 1 gs ^ -e $» s 0 ^ 5 n 

MS # l± , * ft € ft © -fe ;l/ ( X -fe * * - ) StI4^T^Ttil\ ;WD7FEfli 

, wis, mmRvmmm<Dmmit, ? ^ xzm^<Drcib<D?-^ ^^mmRV 

i^Sfi//^X ( s 1 N R ) iJ S H ic ffi ffl * ft 5 0 

[ 0 0 2 6 ] 

^tts ^»A#tt, ilWt;Wo7 ME^I©Si^-&-^-L, t;Hf$Stft;^ 
h^7^-7^^^46, #^7X*OS I NRStf/XiiflS0^7^-^«IStS (MM 
7D7M02) o cctSIBfcS^^T, ^»A#tt, fflMWtttl^I^S (M^tt, 
aSINRffih^7^-7^n-7 i Vy^©) 10Xtilt©777^^IKLT, Z. ft & 
©i«7 7X^tit?ffl§fg©77 7°y >^7^tXf t^;V^ILTi«ItC7 
•f-h*A77t§ (MI7n 7 7 1 0 3) 0 M ^ tt\ 1 OdBiDl^S I N R fi tt , 14 

tg^ajfefescfc^a-To ^ ^ x ^ f ij s * 5 o % * ri t , sjf4tti*abt 

^8, # » A m tt , ffi±HfflSWtttl^I!fS7 7X^*I|}tSo LOlKtiD 

, #iBA«aig^nf;A7^-^ti^^rfffl^i$L^fcibng7 7X^^is? 
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[ 0 0 2 7 ] 

ssnii^itii, #iiiAf a#^7^t'j7^7X?©s i nr^islt, ^ n ?> s 

I NRSiJSW^7^-feX^^^;l/^fflLTS±i^tfgS'r?, 0 S I NRftt, ? 7 X X ft 

0§t7ttiJ70S INRW© s pi£)?r$A,^l/^ 0 fttaDt, ? 7 X X © S I N R W tt 

, ?7X?fiCt7tt'J70S I NRftfiilCS I NR-efe-pTti^o H £ S'J © ft 

ffl H tt , ^7X*fl0^7*t'J70S I NRf OiPiT^SffifflbT^ * 7 X X t 

Htss iNR^iSLT^s. cna, t/^ty 7tiffl^n§i^#it* s n4s^ 

- >7 x ^ ^7X^t'#tffflT'*5o 
[ 0 0 2 8 ] 

# An A * 6 a ±fi m -\ © tt fg © 7 -r - k ^ v 7 it , & >? 7 x x © s 1 NRf*^/.ft5i) 10 
, An a # # m. ffl * a t? ft # ft / ^ mmm t> ^ l t ^ 5 0 7 ^ - k a? 7 ft © it m © « if * 

UfiiS'jJI^T^SE!), 7^-F^7^fi©t*OS I NRf(^H©77XX£*fjSLT 
7 S £ ^ f ft 46 £ 9 7 X X 7 > x 7 X & g fc * 2> £ i: tt * 7 0 ffl © H ffi B M "Z? . 7 
^ - F ^ y * ft © ft |g tt , AP A m t i: T H © 7 7 X 7 ffl SfitiiCttlSf LT 7 
5^tS9TWMD5nT^5o d © i 5 ft *§ # tt , tt#<r3SINRfB^H©77X 

x t # js l r ^ s ^ * & <r ft 46 , ^>fn*^sf*§„ 

[ 0 0 2 9 ] 

AD A # 6 X w - K y * tt § ft <T 3 t . lilii- # t , fi ffi © ^ 5 AD A # ffl t 1 o 

x tt ml » © ? 7 x x % i s? f a ( sa a 7 d y 7 i 0 4) o a ±4 ja -c a ¥ rt ft 

jlAPlflB, Mxtt\ §^7*t'J7£lit5h77^^n-Ffa, SISSSSto 20 
^TSifiS-e^ffltfj© h77^7^J ^xx h©», M»»f«i!l'aiffiffl2nT^ft^ 
, If M fB © ft 46 £ H n H H © K AP A M ^ T ^ 3 *7 # © If IS £ flj ffl f 5 0 Sgt 
St;l/Oit7^+'J7n-fV>^fiBt, S t& m fS T? S & f 3 d i: & V # S 0 S US tt 
, d © If 16 * 7 * + U 7 S (J 3 £ ffi ffl L T , -fe ;1/ H T P ffi S "T S „ 
[ 0 0 3 0 ] 

^7X^SKCi, Sttfj^tt, X7 > U > 7 SIMIf + *;l/^ra L T, XttAnA#^\© 

9 ^X iffJSto^tiiDAf tiatS (jaiiXD 7 7 1 05) 0 igSHSfS^jB-efi^ S 
iili, ii^ft^DS/ft^ftaat-o^TtAPA^tffl^TSo 

[0031] 30 

- 0 , a*WftafSU>^^^S^nSi:, ^APA#tt, |fflOF77^^f^* ( 
M x. tt\ 1 o X tt « m © m S © 7 7 7 U 7 7 7 7 ir X f- * * ;1/ ) £ ffi o T , llLT7-f 

[ 0 0 3 2 ] 

^susa^n-efi, at-i/itt, ap a^ ^ffiffl -r s c 1 1 ft s 7 ^ x x ^r^r, -at tit) 

STSo g[J0HS£J^SlT?a, a±ti/itt, fiSJt, d d c- ttS A ^ 7 X X i: ^£M© ^ ^ 
X X * f ij D S T , a ±fi M t AP A # i: © li £ A - 7 U 7 7 ^ IS S f S 0 a M M tt , ^ ic , d 
d-<?ttffllA^7XXi:^^Mfc^<©77XX^APA#t*iJ0ST, ffl ft # « ipg * j£ tt' S 

0 a * * 7 x x © fj s t tt is ^ & & ma # 4 ^ & n , 7 7 x x © fj s t tt fg 7 « ft wi 

f4^4^5nSo Mill a±-fiMtt, ftf\ APA# fc *f L TI* ^ 7 X X © f J S ^5S^ £ 40 
Ltc±V, ^ 7 -z? AP A # ^ 5 © S i) x 7 X 7 M T § jg ft 5 S * Zt ffi tc % b t T % 0 ft fc 
Dt, aifiMtt, a A 7 7 X X * ffi © AP A # t f i J D S T S M t , ffilAX7XX^l^Xtt 
*I5C©APA* tfj D 3TT «fc ^ 0 MAS, SttJitt, M ti ^ © 7 7 X X * fffi © AP A # ic 
IJ^TSilX aA&t/ffllA X 7XX^r 1 A©APA#tfJD 3 T T il\ ^SUlJg 
H^tt, aifiMtt, a*7 7X X^fTL^APA^tfJ D STT, X7XX^S* 
L T7 5 ffi©APA# ^7 5 ^ H d i^fJSt S 0 ^ ft tt tx tt\ aifiMtt, f?L7APA#t 
ffiffijX7XX^fiJDST?)o 
[ 0 0 3 3 ] 

l^ia^Ttt, iliiKi, AfHXn-feX^r^DSM-rd^ti^TBSW^^tf-r?) ( 

M7D7^ i o 6) o sat tt^ffiwtfffttins. L©itfti, APA#©i^ft&t; 50 
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ftfc? 7 (DMURVit^*? % S I NR^figf So f 5 , S ±4 M t± , BfiiilRLH 

, z<Dm-£. mmmn. nmcomx^ £ * ©h§?£ nfc * ^x ^aft&fH^-r s * 5 ts 
*-rs 0 stf a, ^ & nfc«^£ &finA#fJfr e> tw^-ets, 

[ 0 0 3 4 ] 

, «»0^7+t';7tJ:SiffiS*ffiMLTtJ:^. 10 
[ 0 0 3 5 ] 

ft mt / mnm<D - m % t m 1 t^t, 
[a i ] 



ai 





MM 




0 


QPSK, l/8fctfe 


1 2 


1 


QPSK, l/4fcftfc 


1 / 2 


2 


QPSK, l/2fcft£ 


1 2 


3 


QPSK 


1 2 


4 


8PSK 


2/3 


5 


1 6 QAM 


3/4 


6 


6 4 QAM 


5/6 



[ 0 0 3 6 ] 

± IB ffl t? 14 , 1 / 8 ffi ffc It , 1 O © Q P S K £ H IE # 8 O © +J- 7 -V U 7 £ H r> X B K) 

jg?n5cfc**LT^5. s a / i£ ifc » , it, ^AF/ot^tijns, m 

C t & T? * , 6^ £ 1 / 8 ffi St i: ft S o 30 

[ 0 0 3 7 ] 

ftmt/&mm&n, m w <d * ? x * $ j s & tf & a n & % £ s « # m t? m w * n s f- * 

[ 0 0 3 8 ] 

/^Py hfH^I&tf S I N Rjg 

2A-C£gti?KOFDM|»Sf«|^fl;*fil6T^8 0 g 2 A - C t i 5 t 
s ;Wn7H^2 0 11i, A , B , &[f'C ^tlfntiLTO F DMMtSf «^ 

ft^ilbTEi/tl^Cfc^^frSo i$ § ft ffl H T? t± x # / W P y MB ^ f± , 1 2 
8 V yf 9 P # © m S X f± in B? f!5 £ # - F £ / A & ^ T , -aWrVRZ 1 5 2 V / 2 P # 40 
t 4 9 T 5 o ^/Wo? HBHCl, Br S St © x - * ffl m & -3 T , ^Ott/Uo^ 

[ 0 0 3 9 ] 

» Alt f± , /Wo^fiffrfi^XJiCS INR§|f«-8, SSfMlfa, fin 
%f?ft5. ^**;l/©Mtfgf?yfc. mxma. Si ft £ f$// / Xfcff *T s 
[ 0 0 4 0 ] 

fFfffi * n 7c s i NRttt, A # ^ t © e. m £ m ^ e. n . s i n r w © a # ^ * ^ x * # 50 
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X li 2f> a & ) it ffi tt © & S S ft * Rf f£ fc "T S S /h S I NRiH^tl'S I N Rf?rf L 
Tl^o IjR * ft a * 7 X £ © &f± , 7-f-K^«^fSIStfij*x7h2Siafili:i 

[ 0 0 4 1 ] 

fp fffi ^ ft /c S I N Rf li> ± IB © <fc '3 lc § Z =7 X * !c *f f S il S ft ft ^ ft IE Mfi * 1! 

Rtsotttfflsns. ji s ft s i n r jgara- w- x * - a & -r a £ , s i n r ^ > 
x^xa, snx#«'ffiffl*Mcy#S0«F#{fcatf«iiiifit>a^'rsci:^7?#s o ftfc 

S o 

[ 0 0 4 2 ] 

MB ^ J± , -br ;i/ FS © =F if £r ffi S T a © t i§ in © g fft ft W -d X ^ a 0 ffi ffc © -br ;l/ © 
; W n M± F3] B# t F3] ?g a fi 2 ft a © , ( * ft 5 £ JU & S # # * £ J6 a V> ) 5 © t 
TPL^o ^ n y MB # © d © ffi H * ffi ffl L X , ll©f^© ->t 'J t i: LTOTi 
© M * * J6 S d i: T? # S o ffi o T , sZ&mMBmxii, #7a££ffi-3fc±fES INRff 

7 hmm i/7f AtfeWSSSH © S I NR%«(iit5©li:ffifflt3ftJ6iL, H?£i£M 
ittSAii, IftSt^Wil^JSi^^UTti^T^S. 20 

[ 0 0 4 3 ] 

7* - * h 7 7 a v z m m © m , *n a # a t p © u ^ ^ * b a ffi s <r a d £ # # a 0 t - 

n77^^»Hii, -fe ;l/ ft h 7 -f v * M tf -fe ;l/ UTS ^ ;l/ * fffffi T a & fc ffi 
ffl 2 ft a 0 Sftwta, /WD^ay'h77^7^«Fit©^7-i^ffflLt, as 

L0^7X^^I«t§/iJ6t, ( * ;l/ ft ) h77^^D-f^>^tir^FIT$5i 
[ 0 0 4 4 ] 

?S§^7X^T'(i, B8t«t;l/fl?fiffl2nT^4^ftftlL, =F P U ^ ^ Jt « W ffi ^ 
citftS, Miff, t;H?a, ^7X^AtHLT, (til/CfWfflJtitt^i 1 
) t;l/BT'afM^nt^S^CfTm®Hl^o HSt, * 7 X # B f± 30 

, ■fe;l/CT?»teffl3ftT^fc^tf-fe;l/B T? a ffi ffl S ft T ^ a © T? , ■fe ;1/ B 6 fl ft T P 

o 

[ 0 0 4 5 ] 

d © fffi ic m -3 < ^ ii / ft ^ ^ M a a , « m m * ^ h ft t g m t a « » % =f p ^ ft 
ic % l r ?a ^ o ^ ft a , )a a © ^ ij ^ , ^ r © t » m ^ m m ^ -e s a t ^ -5 s s m © 7- 
u * ic a ^ r ^ a x $> a 0 

[ 0 0 4 6 ] 

M^mmmmxit, mxma^ << p 7 htE^ffi^£x-*h77^M©Mfr?>A¥ 

rT It ft ft 38 * ffi o T , -fe ;l/ F*g h ^ 7 ^ 7 ^ p - f t *> fS T P S 73 © # ft % # lif f a 0 An 
AiOlWa, » A # ^ ffi ffl L /c v> i: S 5 ^ t> x ^ tc o ^ T S ±-fi M lc m ^ * fil ffi f a d i: 40 
xhZ>o JlSWta. * a# \c cfc a SK©ISSi±. f- + *;i/y^r>«'Sf<, ffi©-t?;i/fr?> 
OTi^fi<> fiJffl^lgtt^^^ X t> X ^ ^ d d i: ic ft a o mxmi±, ^©ISH^r^A, 

t? ^ a 7 ^ - k * v v- m m * m ffi l , p]ii©^7«, in s t x n d d t is m l t ^ ft 
^sstux h a o 

[ 0 0 4 7 ] 

B3(i, fiDA#S!iai©tfcSIISS^!l*^bT^So S&3 f±, a-F7i7 (litf, Hffl 

t? n tf * ft a t> © ft if ) , xj±ffi#©*a»-&t3-&*fiiAT^as!iaiftafc:<fct3iiff*na 



[ 0 0 4 8 ] 
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T/Wn^hffifSftfc, 7^ *;l/MTPi¥MfttT f So h ^ 7 ^ v 7 /Ti^ff M 
707^ 3 0 2 1^ ft # If |g & f- * ;l/ / =F P M 7 n y * 3 0 lfr5cDfS?Hfcj£«rb 
T, f-^lf^t, h 7 7 ^ 7 2 & tf T^flr&Hfr f S o 
[ 0 0 4 9 ] 

* 7 X * ©Jiff ft tf Mfi^ 7 ? 3 0 31i> ^ * ?wl//fi fFMS^n y 

^301 ttft h77o VTi^tfM^o -77302 © m # t a jb s mm 

£ « 7 ^ X £ © « ff ft £ 11 ^ £ & 5 0 

[ 0 0 5 0 ] 

fttJI17D7 ^ 3 0 3 0ffl*(i, ^7X^iJUXHI7n7^ 3 0 4 10 

tAAJhstf, c ft a * ^ x * t ^m/ ft^itmmitmMT & „ cn^URoi^m 

ilti^ns. tfc S ft ffl B Sfs t? 14 , # 7 ^ X 7 © S I NRtt, 7HXft^;l/?:lL 
T11JI£Sb S^iSo 7^X7MfcC©tiM^-3T, * ^ x * JR L ^ -tr ;1/ ft h 7 

7 ^ ^ * d - 7 s w y 7 t ri -3 & d , & tf / x a fa © -t ;i/ e> © si l ^ =f m * s » 5 -r s 

W 15 , f? L ^ fin A # tt , IL^;^F77^^n-f^?«a 

o S , f SfflL < t S I N R ffi < , ffiMSflLfrT?#fc^frX»flKtt0Sf^j£ffi 

:£ < ftft^i^il^lLli, * © 9 7 X 7 a fij D 3 T p> ft % 0 
[ 0 0 5 1 ] 

H7n7^ 3 0 1 t^;l//fifFI(i, ^ffSi/^ny Hf tftSct;!/ 20 

jfi?mtt?*S. T P ; ff IB a , |I7D7^ 3 0 2 tI^n, M7D7^ 3 0 2ii? 
H,S,+ Ii+n,= y, 

21 d fc , S,tit7tt'J7 (f r eq. band) i © ft # £ H b , bii^^+^J? 

iofSt'g^ n i a v 7 * v 7 i t *f js ft w e. ft tc y x x & d , y,a*7*ty 

7 i ©ISf fe?.„ 5 1 Z^7*t'J70it, i a 0 5> 5 1 1 ClltfeS, I ,R 

H,tt»fr^T^ft^. /wo^fflf^ic 'WD«?ni*atif s,arfisy, 

i^^D, d ft £ «fc t> T if X a 7 X % ^ « & ic -D ^ T (D 7 * * ;l/ y ^ y H t * * a& s 30 
CttfTffS. - H d ft # S i: , Hi, S„ ftffy.i^t^ft^Tl^Ot', 7a @ 

[ 0 0 5 2 ] 

II70773 0 1 t 3 0 2 ^5©fiffS^f fin A # , ISLl^7Xii*l 

KtSo ^ § ft M i= a , M 7 n 7 7 3 0 3 -9 fin A # a 7 7 X 7 * IB jf it ft 

fcir- 7Mfi1f Iga, *MtHflf2ftfc7-7M«^»*/c;l/-7 ?77 7°I*^A¥t 
SCitf-ets. L©i54;l/7^777Iti, & s I N r 1 ft t ft £5 if 5 ft fc M £ 

b^sMMfi©ft£fenbT^5„ d ©ft iti^J^T, toAt (±, pjt s © tt s£ a *t a 

■^tfffl^fltS ^7X7^SiR"r5o 7 7 X *r © JlR (4 U X h ffi -3 T , fin A # f± , tltl 40 

[00 53] 

Ig^fSfflbT, x^;l/^-«ttt*ff ft 5 o H4CDS&Sf±, a-F7i7 (M^a\ Hfflfm 
[ 0 0 5 4 ] 

B4tgti7t7 fin A m a , /Wn^ Mflfit^^^X^it S I N R IT fffi % fj 5 50 
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46 <D S I N R fp fffi M M 7 n ? 4 0 1 . /Wo»; MSfllC^^ 77 ^St/W-tt** 

f?5fc#>cr>/W-ff-Ma:/ny^ 4 o 2 . & tf x - £ ffl fS ft £ # * 7 x * § £ ^ V - If 
*£fT&5fci6©/W-ff-*M:/n^ 4 0 3£$/u^^3o S*^4 o 4 a, go. a 7 
n y ? 4 o 3fr5©7*— ^SBIHItf 1 ©'*? — Jli^O'^ 4 o 2*>6(D/Wo^ h 

fflfs^©/w-if »^ e. m l§i < o m§§ 4 o 4 ©m*f±, /w-Mi«*f^^ cat? 

- 7° 31 K ) 117n-^ 4 o S'xAA^n, Si/D-^tM^ S iNRt, 
JBKfcf-i'iigclBC/W-ifclcI^^T, * -7 X * ©JIB j? tftf g&fcfr * 5 0 - 
0, ^x^^iK^nst, finA#t±. M^nfc^x^&^Mffc/iEMfi^&i 

[ 0 0 5 5 ] 

[ 0 0 5 6 ] 
[11] 

Pp = p s + P 1+ P N , 

Pp-p D = rp s + p I ,fi^^«*su 
^Pj.fi^©^*^ 

P s< =?®<DfrM*> 
\Q, l^tTIt!) 

[ 0 0 5 7 ] 

cct, p p a / w d ^ h ffi h * t iJ s s n /c § * v x * t *j is f s 7 - -e & d , p „ & 
h ^ 7 ^ v z m m # £ w * n ft 7 - t? & d , p s a ft # 7 - t* %> d , p^f^/w 
- 1? £ d , p , a 7 <f x - 1? h & o 

M%mMBMX*l±, MK^lt, RT&iT?ifcft{f, P,/ (Pp-P,) tfJt«W;*:#^ (MA 
«\ 10dBOJ:?4afij:Dt**l 1 ) ^XifSljRL, P P / ( P P - P „ ) W it « 
(liit 1 OdBOi^SIf ?7X^*Ht§„ 

n§^y7";Vif-^h77^^1fl*tMJjns^y7°;i/©fl©x^;i/4 ; -itI 

[ 0 0 5 8 ] 
[^ 2 ] 

[00 59] 

C © «fc 5 £ s ftAtaiTC^^+tyTto^TiS^ifS, 
[ 0 0 6 0 ] 

NRfc Pp-PBtoffi^-a-tJ^igsjc^^ffl-rso 

0 = f (SINR, P,/ (P p - P B ) 

cct, ftiniDAAoHfSS. f <D 1 o © ffl ti , (Mi(f> III) 

feSo ftbDt, tin A # t± , S I NRtl^^t^7X^i?rlKL, 3 C i 7 6 S I N R 
£r ft S 7 7 X * $r fij grj f § © t , ;<7-iP,-P,?!»*ffif LTfei^. IB, WW 
( ffl A fi\ 1 dB) iH/h2<Ttii\ 
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[ 0 0 6 1 ] 

IS h O # % S < L T It fi % ± W 5 46 £ , S I NRfc P P - P D Hf CDlSI^^PItO 
iffi if W H m * ¥ -T S £ f± + # £ ft < , B.o^ + *;l/fcT#©llflfflg<fc#tt*SE*.Sfc« 
[ 0 0 6 2 ] 

j?' » > 'J > » » 7 X |J S O i6 O 7 ^ - F / ^ 7 ^ 7 t - v 7 h 

7*-V7h*85£^t t H 5 £ ^ T i 5 £ . A # t± . 77X7i:^©'fr#T;g>S I 
NRiSgtft*, ^x^yfn (ID) *I«tS„ Miff, 7 -f - F ^ 7 7 
t± , mX^li. 7 7 X 7 I D 1 (50 1) MSII77X70S I NRfl^S I NR 1 

(502), ^7X^ I D 2 ( 5 0 3 ) Rff^I^X^S INRtJSS INR2 ( 
504) , M^X$ID 3 (505) RD*3i^7X^OS INRflSS INR3 

(5 0 6) 42?:gffit§„ 7 7 X 7 © S I NRIi, *7+t'J70S INRiDT^?:! 

# S o ± IB © «fc 5 £ . M K 2 n 7 v X * ti , ft ft I« (4 £ jjs <T » £ 7 <r - F v 7 ft T? 
/« ft 3 C i: t, T* # 3 o SSHSS^!lT?tt, *n A # fct , XvX^oa^Iffi'JXh^ff 
fiScL, S I N R If m*«5fe!dffl©|S$MIT*jgfl-rSo 
[ 0 0 6 3 ] 

il n , SINR@#©ftfrt>£, S INRl/^^tStS^^rnsa^thtf, 7 7 
X7£^T®3M^ffc/lEHlf£^cD£ + 73 v -?$>5 0 M^lf, ®SffF^fb/^IS©8 
OOl481fi*^tfcai)k:, 3H'7h7^-^F5S I N R Jg fl( H if £ ffi ffl L T fe «fc ^ 

[ 0 0 6 4 ] 

U 7 x X h %fr -3 T ^SflHA# £ SS * L ^ 7 v X 7 SrfJ D 3 T S 0 SSHSfSJ^ 
SS t? f± „ *D A # £ fJ D 3 T 3 7 ^ X 7 © f !J ffl nj i£ tt & , 7 7 X 5 ± © # If h =7 7 7 7 P 
-Kttesns. ffi^T, lilii, S I NRtfI^?£»?4<» h^7^y7n-F 
^ffii/^7X^?:IKt?>„ 
[ 0 0 6 5 ] 

hi 3 » , Mmm(DM%nM&m(D7u y s/mv&Zo hi 3t^t^t, * 7 x * f j 

3St>*D-FX^?a-yy^"ai8ii 30 1 ( 7 7 x 7 7 n 7 - 7 ) » N #JPAf t 
Jg S 2 fl ft 7 V X 2 CD 7 y U 7 7 / 7 7 7 ij y ^7 s I N R (MAS, O F DMSii 1 
3 0 5 ^5Sit§ S I NR/ia^yf7Xl^ 1 3 1 3) t, a - -9 s - 7 s - * , IP "5 
^f^ tT^JSIfi/ F 7 7 7 7 n — F (Mxtf, v ;l/ f - a - - f - 7 7 7 r 1 3 0 2 
*^©a-f-f-^^7 77fflfil 3 1 1^/TLT) t£r^s6, ftgfc £T © fflrfH& iR 
1T5„ d © fif m * fS T , MiSIl 30 Hi, § a - +f - § £ 7 7 X 7 f J 3 & n - 
FX^r^a-'J y^'^RSL, R S 'If IS * 7 €■ 'J ( H * f ) £ IB '1 f S 0 MiSIl 3 
0 1 MM ^ (MitfOFDMSfil 3 0 5 ^it'LfcBIII^/^X? 

#JMJ 1 3 1 2 ) *1LT, RgtO^TftAttlfttS. 
[ 0 0 6 6 ] 

SSilff^lflt MtSil 3 0 Hi, It, ->Xf i©F77^"^D-F^a^t 

^soT?, a-Hf- 7 * ^x t *f-r § mxmm^n * ^ » cnt±. aAMSift^i 3 1 0 

^S^Ta-f-f-^^7 7r 1 3 0 2&ifflffli , r3<:i:fc:«fc!)fTfcfcft3o 

[ 0 0 6 7 ] 

a-f-l-NO/^7Ff-^i, i-f-f-^A.y77 1 3 0 2£IB'Kc?fL?)o ^ 
7 7 U y 9 £ o ^ T f± , IlSf 1 3 0 1 ©UltiD, v ;1/ =f- 7 U 7 ^ 1 3 0 1 It , a 
- - 7 s - ^ * )S ft W % <D (77X^1 - MO) 77X7x-7/<77 77£n-FT?>o 
7 -7 7 V y 7 £ O h> T f± , V )\y ^ 7 U 7 V 1 3 0 3 It , 7 7 X 7 M 7 7 r <D 9 - 7 * ft JS 
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TSa-f-^77rtIft5„ ^7X^/t77rl 3 0 4 S, ( X X > V V 9 <D ) 0 
F DMSSi^l 3 0 S&JILTEUfSnscfcKfcSW^i:, M S ft 3§ 1 3 0 5 5 S 
ft L ft M * E '» f § o s£ § ft M 18 -e f± . # a - ^ - t± % SSc © ? =r X X £ £ W L , # * 

^x^aitoa-f-ti^ ti±t?ns ( n# ^ v si j ^ a f t s © ±f ) 0 

[ 0 0 6 8 ] 

X ;i/ - 7° ^ - x co g =7 x f J g 
<d n M fi & , ^^yijy^cl^, * v x x t± X7i/-7°t ns o &X"7i/-7° 

tt, SSO^XJS^A/t^Ttil^ TCSWft^fJMSr^LT^So 8 6 t 

gTi^t, 7^-7° l - 4 tt, lT#y;l/-7 , KAh6nfti'7 

x^^jtt-^E^^^nti/^o ^ s n ffl sg t* t± , § x ;i/ - 7° i*i © * -7 x x t± , ^mm 

^fttl^tI<i?hT^5, fSc S H ffi ill? t± . ^X7i/-7°ftcD?^xxt±, 
;l/r3h-b>xfl?«fM, iP^^C^cDf-^^wl/jS^^MfelwiCT'feS^iitM, J; D felt 

i^nn^o a t - b > h w a, m n \x m w * ft a , ^Kct^^-i/xfito^Ti 

ookHzt?*S 0 e: n t± , §i'*^-7 : fiiDiiSi?i'^->'f ^SIL> X ;i/ - 7° ft 
<D7^XX<D4>ft<i:fe-Mi«S INR*affiT?#S5t**±tfSJli:tftSo ? ^ X 
X&, ^;l/-7°t|Jf)ST5ha„ ^;I/-y^-X«77X^fJ30gWta, ?^XX 
IB fll ft © x - X if y h * S U , cnti^ * ^ x X fj 3 ffl <D 7 -r - F v t> f- * ;l/ 

(If IB) (if IB) cfif«iSft*gftt5i:i:'PfeS„ X7i/-7°^-x<D 

X 7 X X S'J 3 a , t;HT»*ffiSt8ft»li:tfili2n5. 

[ 0 0 6 9 ] 

h « # * S ft L fc If , idAtmoXli«aoi'7X*?;V-^£6S 

t?««L^liIti±IS2nS:l\ 7"^-7'©I£SO*I*ftyta, f- * * ;l/ If IS 
, t;HT$HiK & tf # 7 7 X X T? © -fe ;l/ ft h =7 7 v 7 n - F £ S -3 ^ T , ^ < <D 

[ 0 0 7 0 ] 

SSHSfS^SI'efi, inA#t±, lilt, i*fii« , fiScy;i/-^*llRL 1 

7° CD X v X X © S I N R If IB * 7 ^ - F *v Z T 3 0 *P A # & , X 7^ - 7° £ , S I N R & 

»itgi2n/iIIJ;!3l^^7X^c9f^tl^^tjlJff^j"r§ 0 X 71/ - 7° ft CD £ 

roi'7X*os iNRSgitscttiD, ^ro^7X^^ yf^x^a* < , x 
7i/ - 7° cd -r > 7 s x x j£ « s « <r n a ± < ft § „ c © ± ? t , «■ ^ ;i/ - 7° 0 7 -r - f ^ v 

Xf±^ -iWt t± 2 SiKDff IB, IP "6, ^7l/-7°^ yf^ XM3M7'7l/-7°F f 3CD#7 7 
XXcDS I NRi^fifLTl/^. g7K, X7l/-7 0 ^-XcDX^XXfJS^a^-rS{^ 
IW7*-V7 h^^t. |7tSt±^ t< X 71/ - 7° I D T? 5 I D 1 CD ft id & , X 71/ 

-yflcD^7x^?n?ncDs i nri^k. cnt^^^-F^-^iD^-^-A 

^ F ^ A IPS £ ffi S V * S o 
[ 0 0 7 1 ] 

A # ^6 (D 7 w - F ^ v 5 If IB * S « -T S i: , S « 1 tD X ^ x X 7 n X - X ti , 1 o X 
{±«»©^;l/-7*^6, fU ffl Rl & T? ftfcf , IS©?7X^^IfJ?A ^l^^O^X 
X^»A#tfJ D ST5„ lOIKH, a*M<D«f*7X-feXMtPSP^cDfjyfic:i Dffft 
t> tx 2> o 
[ 0 0 7 2 ] 

st, ^ m -t 7i/ « ±i -z? a , x 7i/ - X a , n ft a -t? ;i/ 1 m \% n v z n n * s m % m a zt m 

LT^Tfei^o S§f»lt*(i, JPAit «fc S X7l/-7°cDi!K t f± , X7l/-7°cD«^ 
lifif;U7X^S*^ Tfc D , Lfiti, feS»A#J±, feS X7l/-7°(DfSffl«t |LT 
ffi cd m A # i D fe a ^ « 9t IB ffi * W L T ^ S C t * M « L T ^ S 0 
[ 0 0 7 3 ] 

iSHKlTtt, i£ S A # i: ^ § X 5 X X X 71/ - 7° cd t f± M 6 @ S * tx /c M ^ f± ft 

giJcDUffl^ii-ea, ^oi^ftHs^nfesis^sftts. mxm t 1 oxf±asc 

(D X ^ x X X 71/ -7° (D m t @S * tlftli^ ft SflllfB, 7-f~F^'7^ ft IB ft 
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W ft! T* %> % Tc 46 , f|f§Li:tftt§o 

[ 0 0 7 4 ] 

g'j © ft ffl n a , usiifr5ftiAf titsns/WD'? f ft # a , # * ^ x * © frj m 

t fj d s r e n r ^ s , & h © * ^ x # # if £ fj s t m ffl rT T 5 h S fr, £ ^ f o M 
A tt\ m ift M tt , ^7X?Ot7tt'J7k:HLT/Wov 1 1 1 1 1 1 

i i^iilt, M^*7x*tf5pjfflRr&iT?&sg*aL, i i i i - i - i - i - i * 
^MLTSM^^x^^fjfflnj^-e^^g^a-ro siittt> » a # t± , 5t f\ ski 
t? fi m » © ft ^ aa a 77 m . m & m m n a * f£ ^ r 2 o <d - ^ y x % k grj l , s^-ef 10 

+ * ;l/ =F $ b ^ ;l/ £ fp fffi f S 0 
[ 0 0 7 5 ] 

*^ffl*ttAtt<!:!3A¥Snfef t*;l/#fti:ffl9tt3*Si:fcli:J:D« tU A # tt , ? 
;l/ - 7° t M 9t IB fi * ft , i^S I N RfclffSn-F/^yxoSJ^HltScfc^ 

[ 0 0 7 6 ] 

SSH«^it?l±^ »A«tt, X7-fl3-F^«fflt5ci:ti^T7^-F^7^ 

ii^fiitSo s n m f§ -<? a , 7 7 - f ^ 7 ft © s 1 n r tt $u±, jtf, v-x 
ft # ^ s « , m a a m # x > -a - y t * m r> x j± m 2 n , ^^ff^/^-Ftj; 

5Tiy3-F?tl8, 20 
[ 0 0 7 7 ] 

0 8 tt, f«»&t*7-t^ hTv^fcia-rsMSftWteffl'^-^oiSSIiSfiJBtl* 
*LT^, # -fe 71/ tt , liIT'i^fi7yft^ffflt5 60©ir^-^|xf:Afl 

HII^IL^^, t;HJ?tt, MSRIfiffl«Ran?feS, & -t? ;i/ ft 7? tt , M M Sfc 
B f£ ffl M tt 2 & tj'^-azooMSRSSiiLffifflts, 0 8tf5 

t±5£, &tt%<D&-t* SlfflnriaOFDMA*7X^©¥»*tfflLTfe!3 

-tfffi^ntt^t©*CcT(if»i'7X^i:f^„ 

[ 0 0 7 8 ] 30 

inAtllTo^^ifliTyfttiSif^y'jyi'ifgflifefSts, 18^5, j& ft- # 

t^^-0^7y'J 7^tILT, t;l/Attt*BfcT$L> ir;PBii-(r;l/C fcTiL, 
•fe ;l/ C tt -fe ;l/ A i: =F p L , OS D A-> B - > C - > A C t tfffl^?*?, *S 

Li?^^-lciLT(i, -fe ;l/ A tt -fe ;1/ C i: =F P L , ■fe ;1/ C tt -fe ;1/ B i: =F j$ L , t;l/Btit 
;l/AJ:T$L, iP^A->C->B->A7?fe§ o 
[ 0 0 7 9 ] 

■fe 7 # - A 1 tt , tJ^-Clfr^SSSttSS 1 , ^ © M ft tt , t?^-B tfit? 

^fc^f^^X^-?J3^XxAfcSStt©KMfi£2#, -3$5ti, M*t^7X^ 
-fe £ £ - C 1 7? tt & < -fe £ # - B 1 t f ij D 3 T £> n /c if , ^ © ^ 7 X ^ tt , A I T 5 tt 40 

^ v - y ic m a % & 46 1 a 1 t f i j d s r e. n s 0 b ^ l * # 5 . c©^^x^Ai©fijs 

[ 0 0 8 0 ] 

^SUSSJ^H-eti, h ^ 7 7 >y * n- F tfliWt -fe * tin A e. n?» t # ic±|Hfn1g 
* S ft T § Ac 46 , ISSHX^^^-^tli, SftS-b;l/T?fiDffifflfci!IbTafta«5fe 
llfi^fBSt^ns. c © « 5fe I« fi tt , ^ ^ x * * 1! K W \z S ij d S T * © =F p ^6 © 
=F P * © iffi "A s t n , ffi © -t? 71/ © ft # © f i J S fc « "A S =F P Pnl S * ? I # S d "A rT |g tt * ffi 

gb, -e^nttS/jNfk-r s «t 5 ts a^imtissna. 

[ 0 0 8 1 ] 

AS t izR ^ /£ M ^ {£ A ttA ^ ic 2 =r x ^ (gftttH-tiffl^ns) tt . 3 o © ^ ;l/ - 50 
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7\ ^;l/-7°l, 2, 3 K#tW3ftS„ »9cMH^m 2 t ^ f 0 
[ 0 0 8 2 ] 
2 ] 









ir/L-C 


i 


^>-7° l 






2 




*f)V—-f 1 


^>-7°3 


3 




*f)\r--f 2 


^/W7° 1 



10 



[ 0 0 8 3 ] 

t^-A ltO^T?St5 0 ||]t, ^ ;b - 7° 1 © * v X * t± , 1! Si W t f J 9 3 T 5 

txSo i»7Xif*i*Ln>siinAf fi , s?st)'3i:ft5it« ;v - 7° 2 © ^ ^ x x 

^f»*SU5j'7X**llU8) o ft , ^ ;l/ - 7° 2 6 -fe * * - A 1 fc §? ft fc fj D Mt 
t^nft^X^ii, ^ x - B i © n — Ftf#f tl< T, - 7° 3 M l « 77 © ^ 

^-B 1 T-TiFtai^^l^ectcttiSl 1 . I3(i, £T©f[Jffln]"i£ft7^X£©2 
/3«'>ftl^7X^^H-A U B U & tf C 1 -effifflSht^5*tO, 7 ^ 20 

[ 0 0 8 4 ] 
[g 3 ] 

^3 : 7;UP-KP2/3jfcffi-C<E\ ^#fj^j^£^Jj>^ffl^7_g^gg 



X7X^f£ffl 


ir;VA 


ir/UB 




1 


x~>-7/ 1 


:?>-7°3 


X">-7°2 


2 




?As—-f 1 




3 









[ 0 0 8 5 ] 

B4tt, » m L "t * * - © fi ft Hi % 7T, L T ^ § , T W W ffi iS» ft © 7? , 1 ? tt # * * 
-©i§^-i:ttSft?>o 

[ 0 0 8 6 ] 

[S 4 ] 



ii 4 : bir X ^ -<7) X* -7 > J > X /WMIfe 







ir/VB 


ir/L-C 


i 


XVi— 7°i 


7° 2 


XVW7°3 


2 




XVt— 7° 3 


X"7W7° 1 


3 


tfjV— 7° 3 


^ 7° 1 


XVW7°2 



[ 0 0 8 7 ] 

^SHBS^Ht?f±, 77X^£(i200*f IP -5 S ^ g }£ L T ^ S £ SSc © 7" 3r 

t'J7^fitt53t-L'yX77X^J:, 4>ft < fcfe-SBtf;*^* h;l/£#fc:&frfSIft 
T«LTt^t)-7^tiJ7Sfi|t5^^/^7T^ ^X^tffeSo 3t-l/7X^ 
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* ;l/ JS «F St fc C # « tM ft , iftWtti, f<O**7-'>Xfit(«Sl0 0kH 
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1 . A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the second 
sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power; 

transmitting, using a second tone, in said first sector during a third symbol time a third pilot signal having a third 
pre-selected transmission power; 

transmitting, using said second tone, in said second sector during a fourth symbol time, which overlaps said third 
symbol time, a fourth pilot signal having a fourth pre-selected transmission power which is different from said third pre- 
selected transmission power; 

transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot signal having a fifth pre- 
selected transmission power; and 

transmitting, using said third tone, in said second sector during a sixth symbol time, which overlaps said fifth 
symbol time, a sixth pilot signal having said fifth pre-selected transmission power. 

2. The method of claim 1 , wherein said second, third and fifth pre-selected transmission powers are the same. 

3. The method of claim 2, wherein said second pre-selected transmission power is zero, the second, third, fifth and sixth 
pilot signals being NULL pilot signals. 

4. The method of claim 1, wherein said first, second, and third tones are the same; and wherein said first, third and fifth 
symbol times are different. 

5. The method of claim 1, wherein said first, third and fifth symbol times are the same; and wherein said first, second and 
third tones are different. 

6. The method of claim 1, wherein said first, fourth and fifth pre-selected transmission powers are the same. 

7. The method of claim 6, wherein said first, fourth and fifth pre-selected transmission powers are non-zero; and wherein 
said second and third pre-selected transmission powers are zero. 

8. The method of claim 1, further comprising: periodically repeating each of said transmitting steps to form a pre-determined 
repeating sequence of said transmitting steps. 

9. The method of claim 5, further comprising: transmitting, using a fourth tone, in said first sector during a seventh symbol 
time a seventh pilot signal having a seventh pre-selected transmission power which is different from said fifth pre-selected 
transmission power; and transmitting, using said fourth tone, in said second sector during an eighth symbol time, which 
overlaps said seventh symbol time, an eighth pilot signal having an eighth pre-selected transmission power which is the 
same as said seventh pre-selected transmission power. 

10. The method of claim 9, wherein said first, second, third and fourth tones are different; and wherein said first, third, fifth 
and seventh symbol times are the same. 
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1 1. The method of claim 9, wherein the first, second, third and fourth tones are the same; and wherein said first, third, fifth 
and seventh symbol times are different. 

12. The method of claim 9, wherein the first, fourth and sixth pre-selected transmission powers are the same. 

13. The method of claim 12, wherein the second, third and fifth pre-selected transmission powers are zero; and wherein the 
said first, third, fifth and seventh symbol times are the same. 

14. The method of claim 9, further comprising: repeating each of said transmitting steps according to a pre-selected 
repetition pattern. 

15. A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the second 
sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; and 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power; 

wherein said multi-sector cell further includes a third sector, 
said third sector being located adjacent said second sector, the method further comprising: 

transmitting, using said first tone, in said third sector during a ninth symbol time a ninth pilot signal, said ninth 
symbol time overlapping said first and second symbol times, said ninth pilot signal being transmitted with the same 
transmission power as said first pilot signal. 

16. A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the second 
sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; and 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power; 

wherein said multi-sector cell further includes a third sector, said third sector being located adjacent said second 
sector, the method further comprising: 

transmitting, using said first tone, in said third sector during a ninth symbol time a ninth signal, which is one of 
control and data pilot signal, said ninth symbol time overlapping said first and second symbol times. 

17. The method of claim 16, further comprising: periodically repeating each of said transmitting steps. 

18. A method of transmitting pilot signals in a multi-sector cell, the multi-sector cell including at least first, second and third 
sectors, each of the first, second and third sectors being located adjacent at least one other one of said first, second and 
third sectors in said cell, the method comprising: 

transmitting during at least a portion of a first symbol time: 

a first pilot on a first tone in the first sector using a first pre-selected transmission power; 
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a second pilot signal on the first tone in the second sector using a second pre-selected transmission power which 
is different from said first pre-selected amount of transmission power; and 

a third pilot signal on the first tone in the third sector using a third pre-selected amount of transmission power, 
wherein the first and third pre-selected amounts of transmission power are non-zero and are the same; and 

transmitting during at least a portion of a second symbol time: 

a fourth pilot on a second tone in the first sector using a fourth pre-selected amount of transmission power; 

a fifth pilot on the second tone in the second sector using a fifth pre-selected amount of transmission power; and 

a sixth pilot on the second tone in the third sector using said fifth pre-selected amount of transmission power. 

19. The method of claim 18, wherein 

said first and second symbol times are the same; 

wherein said first, third and fourth pilot signals are transmitted with the same amount of power; and 
wherein said second fifth and sixth pilot signals are NULL pilot signals transmitted with zero power. 

20. The method of claim 18, further comprising: transmitting during at least a portion of a third symbol time: 

a seventh pilot on a third tone in the first sector using said first pre-selected amount of transmission power; 

an eighth pilot on the third tone in the second sector using an eighth pre-selected amount of transmission power; 

and 

a data symbol on the third tone in the third sector. 

21. The method of claim 19, wherein the first, second and third tones are different and wherein the first second and third 
symbol times are the same. 

22. An apparatus for transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the apparatus comprising: 

means for transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a 
first pre-selected transmission power; 

means for transmitting, using said first tone, in said second sector during a second symbol time, which overlaps 
said first symbol time, a second pilot signal having a second pre-selected transmission power which is different from said 
first pre-selected transmission power; 

means for transmitting, using a second tone, in said first sector during a third symbol time a third pilot signal 
having a third pre-selected transmission power; 

means for transmitting, using said second tone, in said second sector during a fourth symbol time, which 
overlaps said third symbol time, a fourth pilot signal having a fourth pre-selected transmission power which is different from 
said third pre-selected transmission power; 

means for transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot signal having a 
fifth pre-selected transmission power; and 

means for transmitting, using said third tone, in said second sector during a sixth symbol time, which overlaps 
said fifth symbol time, a sixth pilot signal having said fifth pre-selected transmission power. 

23. The apparatus of claim 22, wherein said second, third and fifth pre-selected transmission powers are the same. 
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24. The apparatus of claim 23, wherein said second pre-selected transmission power is zero, the second, third, fifth and 
sixth pilot signals being NULL pilot signals. 

25. The apparatus of claim 22, wherein said first, second, and third tones are the same; and wherein said first, third and fifth 
symbol times are different. 

26. The apparatus of claim 22, wherein said first, third and fifth symbol times are the same; and wherein said first, second 
and third tones are different. 

27. The apparatus of claim 22., wherein said first, fourth and fifth pre-selected transmission powers are the same. 

28. The apparatus of claim 27, wherein said first, fourth and fifth pre-selected transmission powers are non-zero; and 
wherein said second and third pre-selected transmission powers are zero. 

29. The apparatus of claim 22, further comprising: periodically repeating actions of each of said means for transmitting to 
form a pre-determined repeating sequence of actions of said means for transmitting. 

30. The apparatus of claim 26, further comprising: means for transmitting, using a fourth tone, in said first sector during a 
seventh symbol time a seventh pilot signal having a seventh pre-selected transmission power which is different from said 
fifth pre-selected transmission power; and 

means for transmitting, using said fourth tone, in said second sector during an eighth symbol time, which 
overlaps said seventh symbol time, an eighth pilot signal having an eighth pre-selected transmission power which is the 
same as said seventh pre-selected transmission power. 

31. The apparatus of claim 30, wherein said first, second, third and fourth tones are different; and wherein said first, third, 
fifth and seventh symbol times are the same. 

32. The apparatus of claim 30, wherein the first, second, third and fourth tones are the same; and wherein said first, third, 
fifth and seventh symbol times are different. 

33. The apparatus of claim 30, wherein the first, fourth and sixth pre-selected transmission powers are the same. 

34. The apparatus of claim 33, wherein the second, third and fifth pre-selected transmission powers are zero; and 
wherein the said first, third, fifth and seventh symbol times are the same. 

35. The apparatus of claim 30, further comprising: repeating actions of each of said means for transmitting according to a 
pre-selected repetition pattern. 

36. An apparatus for transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the apparatus comprising: 

means for transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a 
first pre-selected transmission power; and 

means for transmitting, using said first tone, in said second sector during a second symbol time, which overlaps 
said first symbol time, a second pilot signal having a second pre-selected transmission power which is different from said 
first pre-selected transmission power; 

wherein said multi-sector cell further includes a third sector, said third sector being located adjacent said second 
sector, the apparatus further comprising: 
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means for transmitting, using said first tone, in said third sector during a ninth symbol time a ninth pilot signal, 
said ninth symbol time overlapping said first and second symbol times, said ninth pilot signal being transmitted with the 
same transmission power as said first pilot signal. 

37. An apparatus for transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the apparatus comprising: 

means for transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a 
first pre-selected transmission power; and 

means for transmitting, using said first tone, in said second sector during a second symbol time, which overlaps 
said first symbol time, a second pilot signal having a second pre-selected transmission power which is different from said 
first pre-selected transmission power; 

wherein said multi-sector cell further includes a third sector, said third sector being located adjacent said second 
sector, the apparatus further comprising: 

means for transmitting, using said first tone, in said third sector during a ninth symbol time a ninth signal, which is 
one of control and data pilot signal, said ninth symbol time overlapping said first and second symbol times. 

38. The apparatus of claim 37, further comprising: periodically repeating actions of each of said means for transmitting. 

39. An apparatus for transmitting pilot signals in a multi-sector cell, the multi-sector cell including at least first, second and 
third sectors, each of the first, second and third sectors being located adjacent at least one other one of said first, second 
and third sectors in said cell, the apparatus comprising: 

means for transmitting during at least a portion of a first symbol time: a first pilot on a first tone in the first sector 
using a first pre-selected transmission power; a second pilot signal on the first tone in the second sector using a second pre- 
selected transmission power which is different from said first pre-selected amount of transmission power; and a third pilot 
signal on the first tone in the third sector using a third pre-selected amount of transmission power, wherein the first and third 
pre-selected amounts of transmission power are non-zero and are the same; and 

means for transmitting during at least a portion of a second symbol time: a fourth pilot on a second tone in the 
first sector using a fourth pre-selected amount of transmission power; a fifth pilot on the second tone in the second sector 
using a fifth pre-selected amount of transmission power; and a sixth pilot on the second tone in the third sector using said 
fifth pre-selected amount of transmission power. 

40. The apparatus of claim 39, wherein 

said first and second symbol times are the same; 

wherein said first, third and fourth pilot signals are transmitted with the same amount of power; and 
wherein said second fifth and sixth pilot signals are NULL pilot signals transmitted with zero power. 

41. The apparatus of claim 39, further comprising: 

means for transmitting during at least a portion of a third symbol time: 

a seventh pilot on a third tone in the first sector using said first pre-selected amount of transmission power; 

an eighth pilot on the third tone in the second sector using an eighth pre-selected amount of transmission power; 

and 

a data symbol on the third tone in the third sector. 
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42. The apparatus of claim 40, wherein the first, second and third tones are different and wherein the first second and third 
symbol times are the same. 

43. A machine readable medium including instructions stored thereon for controlling a device to perform steps in accordance 
with method according to claim 1 . 

44. An apparatus for transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the apparatus comprising: 

transmitter for transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal 
having a first pre-selected transmission power; 

transmitter for transmitting, using said first tone, in said second sector during a second symbol time, which 
overlaps said first symbol time, a second pilot signal having a second pre-selected transmission power which is different 
from said first pre-selected transmission power; 

transmitter for transmitting, using a second tone, in said first sector during a third symbol time a third pilot signal 
having a third pre-selected transmission power; 

transmitter for transmitting, using said second tone, in said second sector during a fourth symbol time, which 
overlaps said third symbol time, a fourth pilot signal having a fourth pre-selected transmission power which is different from 
said third pre-selected transmission power; 

transmitter for transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot signal 
having a fifth pre-selected transmission power; and 

transmitter for transmitting, using said third tone, in said second sector during a sixth symbol time, which 
overlaps said fifth symbol time, a sixth pilot signal having said fifth pre-selected transmission power. 
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1 . A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power; 

transmitting, using a second tone, in said first sector during a third symbol time a third pilot signal having a third 
pre-selected transmission power; 

transmitting, using said second tone, in said second sector during a fourth symbol time, which overlaps said third 
symbol time, a fourth pilot signal having a fourth pre-selected transmission power which is different from said third pre- 
selected transmission power; and 

transmitting, using a third tone, in said first sector during a fifth symbol time a fifth pilot signal having a fifth pre- 
selected transmission power. 

2. The method of claim 1 , further comprising transmitting, using said third tone, in said second sector during a sixth 
symbol time. 

3. The method of claim 1 , wherein said second, third and fifth pre-selected transmission powers are the same. 

4. The method of claim 1 , wherein said second pre-selected transmission power is zero, the second, third, fifth and 
sixth pilot signals being NULL pilot signals. 

5. A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; and 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power, wherein said multi-sector cell further includes a third sector, said third sector being located 
adjacent said second sector. 

6. A method of transmitting pilot tones in a multi-sector cell including at least a first sector and a second sector, the 
second sector being located adjacent said first sector, the method comprising: 

transmitting, using a first tone, in said first sector during a first symbol time a first pilot signal having a first pre- 
selected transmission power; and 

transmitting, using said first tone, in said second sector during a second symbol time, which overlaps said first 
symbol time, a second pilot signal having a second pre-selected transmission power which is different from said first pre- 
selected transmission power; and 



Your reference: 060571U1UAD1 Decision on Grant 

Our reference: 241 2-1 71 178U A/2252 

Application No.: 201010406 

Attorney Name: Yury D.Kuznetsov Page 3 of 3 

transmitting, using said first tone, in said third sector during a ninth symbol time a ninth signal, which is one of 
control and data pilot signal, said ninth symbol time overlapping said first and second symbol times. 
7. A method of transmitting pilot signals in a multi-sector cell, the multi-sector cell including at least first, second and 
third sectors, each of the first, second and third sectors being located adjacent at least one other one of said first, second 
and third sectors in said cell, the method comprising: 
transmitting during at least a portion of a first symbol time: 

a first pilot on a first tone in the first sector using a first pre-selected transmission power; 

a second pilot signal on the first tone in the second sector using a second pre-selected transmission power which is 

different from said first pre-selected amount of transmission power; and 
transmitting during at least a portion of a second symbol time: 

a fourth pilot on a second tone in the first sector using a fourth pre-selected amount of transmission power. 
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Proceeding further with the European patent application pursuant to Rule 70(2) EPC 

A supplementary European search report has been drawn up concerning the above European patent 
application (publication number 1597852). 

Since a request for examination has been filed (R. 70(1) EPC) and the examination fee has been paid 
(Art. 94(1) EPC) prior to the transmission of the supplementary European search report, you are hereby 
invited to indicate within 

two months 

of notification of this invitation whether you desire to proceed further with the European patent application. 

If you do not indicate in due time that you desire to proceed further with the European patent application, it 
will be deemed to be withdrawn (R. 70(3) EPC). 

If you wish you may comment on the supplementary European search report and amend, where 
appropriate, the description, claims and drawings (R. 70(2) EPC). 
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(Translation) Mailed: January 18, 2011 



NOTICE OF REASONS FOR REJECTION 

Patent Application No.: 2008-535789 
Examiner's Notice Date: January 14, 201 1 
Examiner: K. Takasu 

Applied Provisions: Section 29 (1), Section (2), Section 36 



This application is rejected on the grounds stated below. Any opinion about 
the rejection must be filed within THREE MONTHS of the mailing date hereof. 



REASONS 

Reason 1 . The inventions recited in the following claims of this application are 
unpatentable under Section 29 (1 , iii) of the Patent Law as being described in the 
following publications distributed in Japan or a foreign country prior to this application or 
made available to the public through electric telecommunication lines in Japan or a 
foreign country prior to this application. 

Reason 2. The inventions recited in the following claims of this application are 
unpatentable under Section 29 (2) of the Patent Law as being such that the inventions 
could easily have been made by a person with ordinary skill in the art to which the 
inventions pertain, on the basis of the inventions described in the following publications 
distributed in Japan or a foreign country prior to this application or on the basis of the 
inventions made available to the public through electric telecommunication lines in 
Japan or a foreign country prior to this application. 

Remarks (Refer to the "References Cited" for particulars) 

(D 

• Claims 1-3, 10-12, 19-20, 27-30 and 32-34 

• Reference 1 

• Reasons 1 and 2 

• Note: 

[Claims 1, 10, 19, 27 and 32] 

Reference 1 (cf. in particular, paragraph [0044], etc.) discloses controlling, at an 
APa (i.e. "first base station" in the present invention) in a communication system with 
multiple APs capable of communicating with a terminal, to change the transmission 
power of the own APa to either a normal level or boosted level (i.e. "determining a 
downlink transmission power budget" in the present invention) based on a load 
condition (i.e. "as a function of said received second base station loading factor 



- 19/23 -- 



SUZUYE&SUZUYE 



information" in the present invention) received from a neighboring AP (i.e. "second base 
station" in the present invention). 

As such, no significant difference can be acknowledged between the present 
invention and the invention disclosed in Reference 1. 

[Claims 2, 11,28, 29 and 33] 

Reference 1 {cf. in particular, paragraph [0044], etc.) further discloses 
controlling to change the transmission power based also on the load condition (i.e. 
"additional loading factor information corresponding to another base station attachment 
point" in the present invention) of the own APa. 

[Claims 3, 12,20, 30 and 34] 

It is disclosed that, when the own APA is with a maximum load, the 
transmission power level is maintained at a normal level even if a neighboring AP is 
with a maximum load, and when the neighboring AP is with a maximum load and the 
own APa is with a low load, the transmission power level is raised to a boosted level to 
help the neighboring AP. 



(2) 

• Claims 1,2,6-11,15-19, 23-29, 32 and 33 

• Reference 2 

• Reasons 1 and 2 

• Note: 

[Claims 1, 10, 19, 27 and 32] 

Reference 2 (cf. in particular, paragraphs [0020] and [0035]-[003B]® and claim 
5) discloses receiving, at a servicing base station (i.e. "first base station" in the present 
invention), a signal (i.e. "second base station loading factor information" in the present 
invention) indicative of a load of a neighboring base station (i.e. "second base station" 
in the present invention) from the neighboring base station. If it is determined that the 
neighboring base station is not lightly loaded (i.e. "in response to detecting an increase 
in loading at said second base station" in the present invention), data transmission to 
mobile devices is not executed. If it is determined that the neighboring base station is 
lightly loaded (i.e. "in response to detecting a decrease in loading at said second base 
station" in the present invention), data transmission to the mobile devices is executed. 
Reference 2 also discloses that the transmission power of a base station fluctuates with 
the number of mobile devices for servicing and that the transmission power lowers at 
times during which fewer of the mobile devices for servicing are receiving data. 

In this context, in light of the disclosures, namely, the transmission power of the 
base station fluctuates with the number of mobile devices for servicing, and the 
transmission power lowers at times during which fewer of the mobile devices for 
servicing are receiving data, it is considered that the feature of determining whether to 
execute data transmission to mobile devices or not in Reference 2 is equivalent to 



corresponding to EP 1180881, paragraphs [0017] and [0025]-[0026], respectively 
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determining the number of data-receiving mobile devices, wherein the transmission 
power of a base station is determined in proportion to the number of the data-receiving 
mobile devices. It can thus be considered that this feature corresponds to 
"determining a downlink transmission power budget" in the present invention. 

As such, no significant difference can be acknowledged between the present 
invention and the invention disclosed in Reference 2. 

[Claims 2, 11, 28, 29 and 33] 

Reference 2 discloses that the transmission power of the base station 
fluctuates with the number of mobile devices for servicing. Accordingly, the disclosure 
of Reference 2 can be considered equivalent to determining, at a servicing base 
station, the transmission power as a function of the number of mobile devices it is 
servicing (i.e. "additional loading factor information corresponding to another base 
station attachment point" in the present invention). 

[Claims 6, 15 and 23] 

In light of the disclosures of Reference 2, namely, the transmission power of the 
base station fluctuates with the number of mobile devices for servicing, and the 
transmission power lowers at times during which fewer of the mobile devices for 
servicing are receiving data, it can be considered that the feature of not executing data 
transmission to mobile stations in Reference 2 concerns a decrease in the transmission 
power of a base station that is resulted from the decrease in the number of data- 
receiving mobile stations, thus, this feature corresponds to "decreasing a ... power 
budget" in the present invention. 

[Claims 7, 16 and 24] 

Likewise to the above section concerning [Claims 6, ...], it can be considered 
that the feature of executing data transmission to mobile stations in Reference 2 
concerns an increase in the transmission power of a base station that is resulted from 
the increase in the number of data-receiving mobile stations, thus, this feature 
corresponds to "increasing a ... power budget" in the present invention. 

[Claims 8, 9, 17, 18, 25 and 26] 

Likewise to the above section concerning [Claims 2, ...], the disclosure of 
Reference 2 can be considered equivalent to increasing, at a servicing base station, the 
transmission power when the number of mobile devices it is servicing increases, and 
decreasing the transmission power when the number of mobile devices it is servicing 
decreases. 



Reason 3. This application fails to satisfy the requirements defined under Section 36 
(6, ii) of the Patent Law, on the grounds that the recitations in the claims are defective 
in the following respects. 

Remarks 
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(1 ) In view of the recitations of claims 6 and 7, it can be comprehended that the 
"power budget" is determined as a function of only the "loading at said second base 
station." However, claim 2 on which claims 6 and 7 depend recites that the "power 
budget" is determined as a function of both the "loading at said second base station" 
and the "additional loading factor information." As such, claims 6 and 7 encompass 
two inconsistent recitations. 

The same acknowledgement can be made for claims 15, 16, 23 and 24. 

Thus, the inventions according to claims 6, 7, 15, 16, 23 and 24 are unclear. 

(2) In view of the recitations of claims 8 and 9, it can be comprehended that the 
"power budget" is determined as a function of only the "loading at said first base 
station." However, claim 2 on which claims 8 and 9 depend recites that the "power 
budget" is determined as a function of both the "loading at said second base station" 
and the "additional loading factor information." As such, claims 8 and 9 encompass 
two inconsistent recitations. 

The same acknowledgement can be made for claims 17, 18, 25 and 26. 

Thus, the inventions according to claims 8, 9, 17, 18, 25 and 26 are unclear. 



<Claims Found Not Rejected> 

Currently, no reason for rejection is found in the inventions of claims 4, 5, 13, 
14, 21, 22, 31 and 35 . If a new reason for rejection is noticed, a further Notice of 
Reasons for Rejection will be issued. 
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Reference 1: Jpn. Pat. Appln. KOKAI Publication No. 2003-244161 
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Prior-Art Search Report 

• Searched Fields: IPC H04B 7/24 to H04B 7/26 

H04W 4/00 to H04W 99/00 

• Prior-Art Document: 

Jpn. Pat. Appln. KOKAI Publication No. 2001-016152 

(This document discloses that a wireless base station and a neighboring wireless 
base station notify each other of wireless interference information, and if the 
interference being imposed on the neighboring wireless base station exceeds the 
allowance value, the transmission power of the own station is decreased.) 
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The result of this prior art search does not constitute the rejection reasons. 



If the applicant has any inquiry about the contents of this Notice of Reasons for 
Rejection or wishes to conduct an interview with the Examiner, please contact: 

Fourth Patent Examination Department (Transmission Systems) 

Examiner: K. Takasu 

TEL 03 (3581) 1101 ext. 3534 

FAX. 03 (3501)0699 
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